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TRAVEL BUDGETS : 
EVIDENCE FROM A 1974 SURVEY 
H. F. Gunn 
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ABSTRACT 
'GUNN, H.F. (1981) Travel Budgets : evidence from a 1974 survey. 
Leeds : University of Leeds, In s t .  Transp. Stud., WP.147 (unpublished). 
This paper describes a sequence of exploratory models f i t t e d  t o  
individuals'  t r ave l  times and overal l  households' t r ave l  times, costs 
and generalised costs,  as  reported i n  t he  1974 County Surveyors' Trip 
Rate Data Bank. 
The analyses involve an approximate allocation of t r ave l  times t o  
those in connection with 'mandatory' a c t i v i t i e s  (assumed f ixed i n  t he  
short term, i n  frequency and locat ion)  and those i n  connection with 
'discretionary' a c t i v i t i e s  ( the r e s t ) .  The most important 'background' 
variables a r e  iden t i f ied  and discussed. 
Finally,  a f t e r  controll ing f o r  these background variables,  a 
comparison is made between amounts of t r ave l  performed i n  connection 
with discretionary a c t i v i t i e s  by individuals and households grouped 
according t o  reported amounts of 'mandatory' t r ave l .  L i t t l e  o r  no 
var ia t ion i s  found, leading t o  t h e  conclusion t h a t  t he  two so r t s  of 
t r ave l  a r e  undertaken independently; f o r  example, there  i s  no 
indication t h a t  those reporting above-average amounts of 'mandatory' 
t r ave l  perform below-average amounts of 'discretionary' t rave l .  
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CHAPTER 1 
INTRODUCTION 
%any researchers have commented on the  r e l a t i ve  invariance of 
the  average amounts of time and money spent on t r a v e l  by people l iv ing  
i n  dif ferent  types of locat ion,  e.g. urban and r u r a l  dwellers. (see  for  
example i n  Gunn (1979) ) . Interpretations of t h i s  phenomenon d i f f e r ,  
however. Zahavi (1974, 1979) has taken t h i s  s t a b i l i t y  as  evidence for  
the  existence of 'optimal' amounts of t r ave l ,  fo r  given network 
conditions and population character is t ics .  Golob e t  a l  (1980) have 
developed t h i s  idea fur ther ,  leading t o  a ' u t i l i t y  maximising' 
description of individual t r ave l  behaviour i n  which t r a v e l  is  t rea ted  
as a d i rec t ly  demanded commodity. In  t h i s  l i n e  of theory, the  s t a b i l i t y  
of t r ave l  budgets i s  iden t i f ied  as being primarily a feature of t he  
demand f o r  t rave l .  Goodwin (1973) has suggested an a l te rna t ive  mechanism, 
namely the  association between population densi t ies ,  t r i p  lengths and 
speeds ( v i a  congestion), which would account for t he  phenomenon as a 
resu l t  of character is t ics  of the  'supply' s ide  of t rave l .  
Potent ia l ly ,  then,  t he  apparent ' s t a b i l i t y '  of t r ave l  budgets ra i ses  
questions for  t he  basic  s t ructure  of forecasts of t r ave l  demand. 
THE DATA 
The data s e t  on which the work reported here was based was the  
County Surveyors' Trip Rate Data Bank (C.S.T.R.D.B. ) for  the  year 1974. 
The CSTRBD contains de t a i l s  of a single weekday's t r i p  making 
(excluding non-home based work t r i p s )  f o r  more than t en  thousand 
individuals over t he  age of f ive ,  with a dif ferent  sample for  every 
year since 1974. The survey i s  not representative of trip-making i n  
England and Wales as  a whole; not a l l  counties co-operated i n  the  project 
( i n  par t icu la r ,  London and the  South-East of England a re  not represented), 
and those counties t h a t  did  supply data chose the  locat ions  of t h e  
households t o  be interviewed for  reasons other than national representative- 
ness; one r e su l t  i s  t h a t  t h e  data s e t  i s  biased towards suburban households. 
(A f u l l e r  description of t he  sampling frame i s  given i n  ITS TN 18). 
The aspect of t he  data t h a t  i s  considered f i r s t  i s  t he  re la t ionship 
between character is t ics  of t h e  individual, (including those of the  
household t o  which the  individual belongs) and the  t o t a l  amount of time 
tha t  he or  she reported a s  being spent on t rave l .  This measure of t rave l  
time, taken here t o  include time spent waiting and time spent walking, i s  
c lear ly  l i a b l e  t o  reporting errors  due t o  misperception of duration and 
f a i l u re  t o  recol lect  specif ic  t r i p s .  However, t h i s  aspect w i l l  not be 
considered i n  t h i s  paper. 
In  i ts  or ig ina l  fbrm, t he  CSTRDB stores  separately t he  personal. 
charac te r i s t ics ,  household charac te r i s t ics ,  stages i n  each t r i p  made and 
overal l  t r i p s .  It was necessary t o  merge and condense t h i s  information 
for  analysis. 
This summarising procedure involved three d i s t i nc t  stages; a t  the  
f i r s t  stage, t he  data was merged t o  form a s ingle  f i l e ,  based on the  
reported t r i p s .  For each t r i p ,  de t a i l s  of t he  trip-maker, including 
household information, were added on t o  the  t r i p  record. A t  t he  second 
stage, this data was reduced t o  a person basis ;  t he  only t r a v e l  information 
kept was t o t a l  t r a v e l  time Cnon-travellers were introduced in to  t he  data, 
with zero t r ave l  times. 1. 
Lastly, an extract  f i l e ,  a lso person based but containing a t o t a l  of 
only 26 variables,  was produced f o r  analysis. 
The contents and formats of t he  output f i l e s  a r e  given i n  Appendix I. I 
3. MARGINAL TOTALS 
The f i r s t  and most obvious analysis of t he  re la t ionship between 
t r ave l  time and the  other variables by which it can be c lass i f ied  i s  by 
examination of t h e  marginal t o t a l s .  The categorising variables t h a t  
were selected for  examination are  l i s t e d  i n  Table 1; t he  h i s to r i ca l  
evidence for  the  importance of these par t icular  variables i s  discussed 
i n  WP 119. - 
Table 2, and the  accompanying Figures 2 t o  9 ,  i l l u s t r a t e s  the  
marginal var ia t ion during the  survey, averaged over key personal and 
household variables.  Figures 10  t o  1 3  then compare the  surveyed 
population with t he  corresponding UK population, i n  t he  same year. 
Table 2 
HOUSEHOLD CAR OWNERSHIP 
* being the  standard deviation of individual t r ave l  times around the  mean. 
5 
Table 2 (cont 'd) 
less than £250 
£750 - £1000 
£1250 - £1500 
£1500 - £1750 
£2000 - £2500 
£2500 - £3000 
£3000 - £4000 
DAY OF WEEK 
MONDAY 
TUESDAY 
WEDNESDAY 
THURSDAY 
FRIDAY 
HOUSING DENSITY 
1. High, 50 houses/hectare 
2. Medime, 25 houses/hectare 
3. Low, 10 houses/hectare 
SITUATION 
Urban central 
Sub-urban 
Rural small town (5,000 - 10,000 pop. ) 
Rural 
57.1 
56.8 
61.0 
61.4 
71.0 
57.4 
60.1 
61.8 
59.4 
63.7 
52.1 
56.2 
53.8 
55.2 
61.2 
65.3 
68.6 
48.7 
59.3 
64.6 
50.4 
61.1 
54.9 
62.9 
Table 2 (cont 'd) 
From Table 2 it can be seen t h a t  t he  categorising variables which produce 
the most marked varia t ions  i n  the  marginal sums are age (a  range of  33 
minutes between highest and lowest) ,  occupation (55 minutes), and income 
(50 minutes on a household basis, 44 on a person basis.) Thereafter, 
categorisations by sex (14 minutes), car ownership (22 minutes), and 
day-of-week (14 minutes) seem important; however of t he  several  locat ional  
variables available,  only the 'de-facto' c lass i f ica t ion  "Situation" 
Categorising var iable  1 Mean T.T. / S.D. of T.T. I 
DISTANCE t o  town centre 
0 t o  1 .5  km i i 56.3 
1.5 t o  5.0 km. i I 
I 65.3 
5+ km. I 57.7 i 
1 
I 
DISTANCE t o  railway s t a t i on  I 
0 t o  1.5 km. i 61.0 
I 1.5 t o  5.0 km. I 66.5 
5+ h. i 56.6 I 
I 
1 
BUS ava i l ab i l i t x  ! 
Good 1 
I 63.3 
Acceptable 59.5 
Bad 51.2 
None - 
TRAIN availability 
 GOO^ 68.2 
Acceptable 61.0 
Bad 57.3 
None 56.8 
58.6 
61.3 
61.4 
59.6 
61.3 
59.8 
57.7 
63.3 
49.6 
- 
63.5 
59.4 
48.7 
61.3 

(12 minutes) is substantial. Similar ranges are evident under the 
public service availability classifications. Comparisons of the overall 
distributions of the responding population in the various categories 
with national sources suggest that the C.S.T.R.D.B. is biassed 
towards lower income households, although,. contradictorily, 
it shows higher car-ownership levels than the national average. This 
indication that the C.S.T.R.D.B. sample is atypical, . 
merely in terms of mean income but more importantly in the apparent 
allocation of income to car purchase, and hence possibly to travel, 
would raise grave difficulties for the use of the data as a basis for 
models of average national travel behaviour. However, there are three 
aspects of the sampling frame and survey method that would lead us to 
expect such results without having to assume that the travel behaviour 
of the responding households is atypical. 
Firstly, the exclusion of Greater London and the South East of 
England must tend to bias average incomes downwards (although the 
concurrent exclusion of Scotland and Northern Ireland will have the 
opposite effect). Secondly, it is well known that gross household 
income is poorly measured in transportation studies, and that relative 
to the detailed methods and definitions used for the F.E.S., the 
response given by heads of households tends to under-estimate gross 
income consistently (particularly for households with more than one 
working member). Thirdly, the C. S .T.R.D.B. sampfing frame is almost 
certainly biassed towards suburban and rural households, and it has 
been established that such households tend to have higher than average 
levels of car ownership for a given income level. 
For these reasons, we need not be unduly alarmed by the apparent 
discrepancies in the car-ownership and income characteristics of the 
sample. The age distribution does correspond closely to the U.K. 
average for the year 1974. 

CHAPTER 2. 
EXPLORILTORY ANALYSES OF IXDIVIDUAL TRCWEL TIMES 
The examination of the  marginal t o t a l s  provides a useful first 
description o f t h e  data;  however, there  are circumstances i n  which t h i s  
approach can mislead, i n  par t icu la r  when there  a r e  strong intercorrela t ions  
between the  categorising variables.  For example, i n  Table 2, time spent 
on t r ave l  varies between income groups and between car  ownership groups, 
between location types and between households with d i f fe ren t  access t o  
public transport .  Given tha t  vehicle ownership increases with income, 
and public transport  provision var ies  with location type, it could happen 
t h a t ,  having corrected for  income and locat ion differences, vehicle 
ownership and access t o  public transport  had no effect  whatsoever on 
t r ave l  times, even though the  categorisation appeared important from 
the  marginal t o t a l s .  ( ~ ~ u a l l ~ ,  of course, seemingly unimportant or  
unrelated categorising variables may have shown l i t t l e  var ia t ion i n  
t he  margins because they a re  negatively correlated i n  t h e  data with a 
variable with an opposite influence).  
It would be neces sa ry to  consider a l l  the  categorisations 
simultaneously t o  detect  every possible inter-relationship; however 
with ten  categorising variables we would face examining ten-way tables  
which i s  c lear ly  out of the  question. 
m e r e  a r e  various approaches available t o  tackle  t h i s  problem; 
the  A.I.D. program, makes sequential bin- s o l i t s  
on the most effect ive categorising variable a t  each stage; various 
log-linear programmes (including GLIM) use procedures analagous t o  
analysis of variance techniques t o  ident i fy  a 'best '  s e t  of categorising 
variables.  
However, fo r  our purposes, perhaps the  simplest approach i s  t o  use 
a dummy variable stepwise regression analysis,  based on a s e t  of 
selected categorising variables and chosen interact ions .  For t h i s  
approach, we postulate a simple l i nea r  model 
where TT. denotes t he  t r ave l  time of individual i, 
l 
a i s  a constant 
'j is  a constant corresponding t o  category j 
( 1 if individual i f a l l s  in to  category j 
6.. = ( 
J 1 ( 0 otherwise 
k i s  the  t o t a l  number of categories 
( i e .  the  sum of the categories for  each categorising 
variable,  including in te rac t ions , )  and 
E .  i s  an e r ro r  term peculiar t o  individual i, such t h a t  
1 
E ( E ~ )  = 0 ,  a n d v a r  ( E . )  = 02, for a11 i. 
1 
I f  t h i s  model is  put i n t o  a stepwise regression package, we can ident i fy  
a maximum s e t  of ' s ign i f ican t '  categories, which i s  t o  say those categories 
i n  which the  var ia t ion of TT from i t s  average value is  s ign i f ican t ly  
greater  than tha t  which might be expected by chance, given the  estimated 
d is t r ibu t ion  of t h e  e r ro r  terms, E. 
This procedure i s  a simple and f a s t  device t o  fit a model t o  t h e  
t r ave l  time variable;  however some caveats should be s ta ted.  
(1) The model cannot be interpreted as 'causal ' ,  it is  a descriptive 
device. 
To f e e l  j u s t i f i ed  i n  using the  'description'  as a forecasting model we 
would need t o  demonstrate t h a t  it held good under a wide var ie ty  of 
circumstances and i n  different time periods. 
( 2 )  The model i t s e l f  i s  only an approximation - f o r  example there  
is  not even any constraint  t o  ensure t ha t  it predicts non-negative 
times, although we would expect t h a t  t h i s  would not occur within 
t h e  range represented i n  our data s e t .  
( 3 )  The co-efficients of t he  dummy categorising variables are  being 
judged against t h e i r  computed standard e r rors ,  on t h e  basis  of 
the  model (1). These s . e ' s  a r e  only approximate, since they assume 
tha t  t he  ' e r rors '  associated with each category have t h e  same 
variance, and t h i s  w i l l  not be t rue  i n  practice.  
( 4 )  We choose t o  s top the  regression a t  t h a t  point where a l l  variables 
i n  t he  equation have s ignif icant  co-efficients, and t h e  introduction 
of any more variables produces a s e t  i n  which not a l l  coeff ic ients  
are  s ignif icant .  This ru l e  i s  sensible, but i s  ce r ta in ly  arbi t rary.  
( 5 )  A similar point t o  t he  l a s t ,  but probably even more crucial ;  we 
have t o  choose one particuar l eve l  t o  c a l l  s ign i f ican t .  I f  we 
chose a dif ferent  level ,  we would expect a d i f fe ren t  model - a t  
l e a s t  i n  t h a t  we would expect more or  l e s s  variables t o  be involved, 
coresponding t o  lower and higher requirements f o r  significance.  
With these reservations,  then, t he  dummy var iable  approach offers  a robust 
and s t ra igh t  forward means by which t o  iden t i fy  t he  variables most 
strongly connected with variations i n  t r ave l  times, and by which t o  
assess t h e i r  r e l a t i ve  importances. 
5. THE CHOICE OF VARIABLES - VARIABLE SET A 
The first analyses t h a t  were performed on the 1974 CSTRDB records, 
used the s e t  of var iables  shown i n  Table 3, with the indicated choice 
of categorisation; 
Table 3 VARIKdLE SET A 
I 
1. being categories 1,2,3,4,12,13.14, i n  Table 2, "occupation". 
2. being categories 5,6,7,8,9,10,11,15,16 i n  Table 2, "occupation". 
3. being the remaining categories inTable 2, "occupation". 
For each categorisation,  dummy.variables were created t o  indicate whether 
o r  not an individual f e l l  i n to  each category. This required dunnny variables 
t o  t he  number of one l e s s  than the  number of categories, for  each categorising 
variable.  1 
For example, t he  categorisation by sex required a s ingle  dunnny 
variable,  D I ,  which was defined t o  be '0'  i f  t he  individual was male, 
'1' i f  female. Two var iables ,  Dl3 and D 1 4 ,  were created t o  identif'y 
the  individual 's  household car-ownership leve l :  D l 3  was '1' i f  t he  
household owned two o r  more cars ,  '0'  otherwise; ~ 1 4  was '1' i f  t he  
household did not own a car ,  '0 '  otherwise. 
The fourteen dummy variables t ha t  were required, and t h e i r  
def ini t ions ,  a r e  indicated on tab le  4: 
Table 4: Dummy variables f o r  VSA 
Professional 
Non-professional 
£1500 - £2500 
over £2500 
Urban cen t ra l  
Suburban 
Rural small town 
No car  
Also indicated i n  Table 4 i s  a column headed "effect"; t h i s  
column contains t h e  symbol "U" where membership of a category was 
expected t o  coincide with lower than average t r ave l  times ("unfavourable 
conditions) and, correspondingly, "F" f o r  expectations if higher than 
average t r a v e l  times ( "favourable conditions"). 
Two extra  dummy variables were created from the first 14 ;  
~ 1 6  = (08 + ~ g )  
Dl5 = ( ~ 2  + D 4 )  
Thus Dl5 took the  value 1 f o r  individuals between t h e  ages 5-16 3 
over 60, and ~ 1 6  was 1 for  individuals with income per head above £1500. 
D16  was coded "F", and D l 5  was "U". 
With fourteen basic  variables,  we have approximately 20,000 
possible interact ive terms t o  consider. To reduce the  sca le  of t h i s  
problem, only cer ta in  of these were admitted t o  the  var iable  s e t ;  
these were the  interact ions  between pa i r s  and t r i p l e t s  of "favourable" 
variables,  and pa i r s  and t r i p l e t s  of "unfavourable" variables.  The 
reasoning behind t h i s  choice of subset of in teract ion teams was t h a t  
we are  par t icu la r ly  interested i n  the  extremes of t r a v e l  time, i n  those 
groups of people with greates t  and l ea s t  average expenditure of time and 
t r ave l  - and t h a t  it i s  l i k e l y  t h a t  these groups a r e  characterised by 
many " f avourable" o r  many "unfavourable" a t t r ibu tes .  
With the  choice of def ini t ion of t he  'favourable' and 'unfavourable' 
variables described above we thus have 30 extra  dummy variables t o  
consider, defined as  indicated on Table 5. 
Table 5: DUMMY INTERACTION VARIABLES 
Lastly, four dummy variables were defined t o  pick up day-of-the-week 
var ia t ions ,  taken r e l a t i ve  t o  Monday. These were as  indicated on 
Table 6 
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Table 6 : DAY-OF-THE-WEEK DUMMY VARIABLES 
REGRESSIONS FOR VARIABLE SET A 
. - 
Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
The f i r s t  analysis was a stepwise regression of t o t a l  t r ave l  time, 
for  those present during the interview day, on the 48 variables described 
i n  the  previous section.  In  theory, the  regression hal ted when a l l  
coeff ic ients  i n  t he  model given by equation (1) had estimated standard 
errors  no greater  than 2 absolute value of t he  coefficient ( i e .  where 
all coeff ic ients  were s ignif icant ly  dif ferent  from zero a t  a rough 95% 
confidence l eve l )  and where inclusion of any other variable resulted i n  
a t  l e a s t  one coeff ic ient  having a standard e r ro r  l a rger  than $ of i ts  
absolute value. However, in pract ice  it did occur t h a t  a var iable  which 
entered ear ly  on i n  t he  regression, with a significant coefficient,  
could become insignif icant  a number of steps l a t e r ,  when s ignif icant  
variables were s t i l l  entering. Such variables a r e  indicated by an 
as te r i sk ;  t h e i r  effects  should be ignored. The r e s u l t s  are  s e t  out a s  
Table 7. 
- 
Dl7 
~ 1 8  
Dl9 
D20 
Perhaps the first observation t o  be made about t h i s  analysis 
2 
must be t ha t  the  R value, a t  0.083, demonstrates how l i t t l e  of the  
person t o  person v a r i a b i l i t y  i n  t r ave l  times t h a t  we can "account for" 
i n  terms of overal l  e f fec t s  of t he  categorization t h a t  we have defined. 
However, the  coefficients given i n  Table 7 indicate a regular and 
in tu i t i ve ly  sensible var ia t ion i n  mean t r ave l  times. 
Age group, income leve l  and occupation type emerge as  t he  most 
important categorisations,  a l l  producing ranges of var ia t ion of about 
20 t o  25 minutes t r a v e l  per day as  between the most act ive and the  l e a s t  
act ive group i n  each category. There is an interact ion term between age 
and occupation; individuals who a re  members of the  most act ive groups 
on both categorisations do not t r ave l  appreciably longer than members 
of jus t  one or  other group, all other things being equal. The l a rges t  
Table 7: REGRESSION 1 
VARIABLE SET A - ALL PERSONS PRESENT: 1974. 
* denotes coefficient with estimated standard e r ror  greater  than 
$ t he  absolute coefficient value. 
-. . 
Basic variables 
D l  : Sex : Female 
D2 : 5-16 
D3 17-24 
n4 60+ - 
D5 : Occupation "prof" 
~6 "other" 
D8 : Income med/high 
high 
Dl0 : Location suburban 
rural/small  town 
Interactions 
F1 17-24 @ "professional" 
F5 2+ cars fi "professiona~" 
F6* 2+ cars @ high income 
F8 17-24 E2 "professional @ 2+ cars  
U 1  Female @ (5-16 or 60+) 
U4 Female @ r u r a l  
Day-of-week e f fec t s  
Dl8 Wednesday 
Dl9 Thursday 
D20 Friday 
- -- --  - 
CONSTANT TERM 
Coefficient 
- 8.0 
- 7.6 
+14.9 
-11.0 
+13.2 
-13.3 
+ 8.2 
+20.0 
+ 2.6 
- 6.6 
-16-5 
+lo. 7 
+ 3.3 
-35.1 
+ 5.6 
- 4.5 
+ 4.5 
+ 5.9 
+13.9 
65.7 
R' = 0.083 S.E. of estimate =57.7 
Number of cases 10034 
coefficient i n  the  model re fe rs  t o  the  f a i r l y  small group of individuals 
i n  the  most act ive age group and occupation type who also a r e  members of 
households which own two o r  more cars ;  t h i s  group exhibited higher t r ave l  
times than the base (assuming t h a t  they a l l  also belonged t o  t he  high income 
group) but only an amount higher roughly comparable t o  members of any 
one o f t h e  most act ive groups, a l l  other things being equal. 
Apart from these effects ,  the  regression equation also indicates 
t h a t  women t rave l led  f o r  l e s s  time than men, on average, and t h a t  women 
i n  rura l  households t rave l led  l e s se r  amounts again. In  general t he  
e f fec t s  of location were much smallerthan thee f f ec t s  of personal or  household 
character is t ics ,  with t h e  pat tern of f igure 11 above pers i s t ing  even a f t e r  
t he  removal of t he  other effects .  Travel per head was l e a s t ,  on average 
i n  small towns, and most i n  suburbs; there  seems a simple interpreta t ion 
i n  terms of access ib i l i ty .  
An extra  ins ight  i n t o  t he  data over and above t h a t  provided by 
the inspection of t he  marginal t o t a l s  i s  t h a t ,  a f t e r  allowing for  t he  
e f fec t s  of t he  variables i n  Table 7, (and income i s  probably the most 
important of these i n  t h i s  connection) household car ownership does not 
appear as  a ' s ignif icant '  category. 3 
It has been suggested elsewhere (see the discussion i n  Gunn 1979) t ha t  
t r ave l  budgets should only be defined for  t r ave l l e r s ,  not per person; the  
same variable s e t  as  was used f o r  regression 1 was used t o  model t r ave l  times 
amongst those respondants wfio actual ly  made a t  l e a s t  one t r i p ;  t he  resu l t s  
a r e  given i n  Table 8, together with t he  differences between the  coeff ic ients  
in t h i s  model and t h a t  f o r  a l l  persons present. 
Some 87% of t he  people actual ly  present i n  t he  household on the  
interview day reported a t  l e a s t  one t r i p .  Once again, t h e  first conclusion 
from t h i s  analysis i s  t h a t  the  model explains very l i t t l e  of the  t rave l le r -  
to-traveller va r i ab i l i t y  i n  t r a v e l  times - the  R~ value, a t  0.067, i s  even 
lower than t h a t  for  regression 1, a lbe i t  with two l e s s  variables i n  t he  
model. 
Overall, the  f i t t e d  coeff ic ients  i n  regression 2 are  very similar 
t o  those i n  regression 1. There are  five major differences - i n  D2, D 4 ,  
D6,  F1 and F8. The interact ion terms, F1 and F8, although absolutely 
la rge  i n  t h e i r  coeff ic ients ,  -. a re  . r e l a t i ve ly  l e s s  important i n  t ha t  they 
apply t o  only a small group of people. (1n fact ,  the  variable F8 would 
be the next variable t o  enter regression 2, with a coeff ic ient  of -24.) 
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Table 8: REGRESSION 2 
VARIABLE SET A - TRAVELLERS : 1974 
* denotes coefficient with estimated standard e r ro r  greater  than 
the  absolute coefficient value. 
- .  
Basic variables 
D l  : female 
D2 & : 5-16 
D3 17-24 
~4 60+ 
D5 Occupt I I  prof" 
~6 "other" 
D8 Income : med/high 
D9 high 
Dl0 Location : suburban 
D l 1  rural/small  town 
Interactions 
F1 17-24 @ "professional" 
F5 2+ cars  $3 "professional" 
F6* 2+ cars  $2 high income 
F8 17-24 @ "professional" @ 2+ 
U 1  Female $2 (5-16 or 60+) 
~4 Female @ Rural 
Day-of-Week Effects 
D17* Tuesday 
~ 1 8  Wednesday 
Dl9 Thursday 
D20 Friday 
CONSTANT TERM 
2 R = 0.067 
Number of cases 8911 
Coefficient 
- 6.8 
-16.5 
14 .1  
- 
+16.1 
- 4.7 
+ 9.1 
+18.1 
- 
- 7.4 
-27.6 
+ 8.3 
+ 3.7 
cars - 
+ 7.0 
- 5.8 
- 0.9 
+ 4.7 
+ 5.5 
+13.6 
I 
69.1 
S.E. of 
Change from 
" A l l  present" 
+ 1 
- 9 
- 1 
+11 
+ 3 
+ 8 
+ 1 
- 2 
+ 3 
0 
-11 
- 3 
+ 1 
+35 
+ 1 
- 1 
- 1 
0 
0 
0 
+ 3 
estimate = 57.7 
We can r e l a t e  the  changes i n  t he  coefficients of t he  main effects  
t o  typ ica l  t r i p  r a t e s  and t r i p  durations; for  example, t he  mean difference 
i n  t r ave l  time for  t r ave l l e r s  i n  t he  5-16 year age group from those i n  
the  25-59 year group was -17 minutes, as opposed t o  -8 minutes for  t he  
same comparison for  a l l  persons present. That the  addit ion of 'zero-time' 
t r ave l l e r s  t o  both groups brings the mean times for  t he  5-16 year group 
closer t o  t he  25-59 year base l eve l  must mean t h a t  there  a r e  r e l a t i ve ly  
fewer non-travellers i n  t h e  5-16 year old  group - i e .  on average they 
t r ave l  more frequently but for  shorter times than the  base group. 
This i s  confirmed by the  proportions of each group t rave l l ing  - 96% 
of a l l  5-16 year olds present, 92% of a l l  25-59 year olds. Correspondingly, 
we find t h a t  t he  proportion of t r ave l l e r s  amongst the  60+ group i s  only 
69%; a l l  other things being equal, t r ave l l e r s  i n  t h i s  age group spend 
on average, t he  same amount of time on t r ave l  as  t r a v e l l e r s  i n  t he  base 
25-59 year age group, but the  proportion of t r ave l l e r s  i n  t he  60+ group 
i s  much lower, thus producing the  lower overall  average indicated by 
regression 1. The same i s  t rue  of members o f t h e  "other" occupation 
category. 
VARIABLE SET B 
The allocation of occupational groups t o  the  f i n a l  th ree  categories 
was the product of a rough rule-of-thumb, based on casual inspection of 
t he  marginal var ia t ions ,  t h a t  higher-paid workers and professionals 
tended t o  have the  highest average t r ave l  times, and tha t  t he  non-workers, 
being housewives, pensioners andsoontended t o  have the  lowest. Two aspects 
of work s ta tus  could be responsible; f i r s t l y ,  t ha t  those i n  employment 
have an extra  journey purpose, t he  journey t o  work, which would tend t o  
increase t h e i r  t r ave l  time over t ha t  of similar persons not i n  employment 
(offset ,  of course, by the  t ransfer  of responsibi l i ty  for shopping t r i p s  
for  example, within households from 'employed' t o  'unemployed'.) 
Secondly, it may be more d i f f i cu l t  t o  f ind  specialised (or  highly-paid) 
employment close t o  a given residence (o r ,  conversely, t o  f ind  a ' sui table '  
residence close t o  such employment, ) resul t ing i n  longer work journeys, 
on average, for  such workers. 
Attributing these causes t o  the  obs6rved var ia t ions  i n  t r ave l  times 
i s ,  of course, merely speculative a t  t h i s  stage. However, these were 
the  broad pr inciples  guiding the  choice of occupational categorisation.  
Some occupational groups were s t i l l  d i f f i c u l t  t o  categorise under t h i s  
rule-of-thumb. In  par t icu la r ,  farmers (employers, managers or  own-account ) 
were deemed spec ia l i s t  workers, and were c lass i f ied  a s  "professionals" 
i n  VSA. However, they a re  a lso i n  t he  unusual posit ion of actual ly  
l i v ing  a t  t h e i r  work-place i n  many cases - so t h a t  the  speculative reason 
for  an increased amount of t r ave l ,  namely not only a journey t o  work, but 
one t o  a r e l a t i ve ly  remote location,  i s  absent. On these l i n e s ,  a case 
could be made t o  categorise farmers with the non-workers. Another anomaly 
was for  t he  group 'students ' ,  who were c lass i f ied  as  "non-workers" for  
VSA, but for  whom t h e  education journey w i l l  effect ively replace the work 
journey. Yet another anomaly was for  part-time workers a l located t o  
the  'non-worker' group is  VSA, many of whom w i l l  have a regular journey 
t o  work. 
For purposes of comparison with national s t a t i s t i c s ,  it i s  useful 
t o  have farmers and students c lass i f ied  as  i n  VSA, but t o  have two models 
corresponding t o  t h e  two different  treatments of part-time workers. 
(Some national sources give work-force s t a t i s t i c s  inclusive of part-time 
workers. ) 
Accordingly, VSB was defined. VSB was ident ica l  t o  VSA, except 
t h a t  part-time workers were c l a s s i f i ed  with the base group, not as  
"others". 
REGRESSIONS FOR VARIABLE SET B 
. . 
. . , .  .. . 
Table 9 presents t he  r e s u l t s  of regression 3 on t h i s  var iable  s e t .  
The overal l  f i t  of t he  model i s  v i r t ua l ly  unaffected by the  
re-allocation of t h e  part-time workers (as might be expected since they 
form only 4% of t he  population.) The base group i s  now s l igh t ly  d i f fe ren t ,  
as  re f lec ted  by a small change i n  the  constant term. Some s l i gh t  
changes take place i n  t he  locat ion coefficients,  re f lec t ing  a differing 
proportion of part-time workers i n  t he  base (urban cen t ra l )  a s  compared 
t o  other locations.  The changes a r e  generally as  would be expected if 
there  were a higher concentration of part-time workers i n  t he  urban central  
-, . 
areas as  compared t o  other areas. 
Table 9: REGRESSION 3 
VARIABLE SET B - ALL PRESENT 1974. 
D8 Income : med/high 
Dl0 Location : suburban 
rural/small town 
Interactions 
F1 17-24 @ "professional" 
F5 2+ cars  @ "professional" 
F6* 2+ cars  @ "professional" 
F8 17-24 B "professional" @ 2+ cars  
U 1  Female @ (5-16 60+ ) 
U2 Female L3 "other" occup. 
U 4  Female B r u r a l  
Day-of-Week Effects 
Dl9 Thursday 
CONSTANT TERM 
* denotes coefficient with estimated standard e r ror  greater  than 
$ the  absolute coeff ic ient  Value. 
The most in te res t ing  changes a r e  t o  coeff ic ients  representing the 
age groups and the  "other" occupational category; as  before, t he  
interact ion terms a re  of secondary in t e r e s t .  With the t ransfer  of the  
part-time workers t o  t h e  base group, members of %he non-working "other" 
category a re  typ i f ied  by comparatively lower t r a v e l  times than before; 
the  part-time workers were bringing the average up. I n  t he  regressions 
with VSA, a compensating effect  was brought i n  for  subsets of the  
non-part-time workers i n  the"otherl' category, namely for  t h e  young 
( 5-16 year olds ) and old (over s i x t i e s  ) ; membership of these groups was 
then associated with a compensating penalty or  reduction on average 
t r ave l  times. With the  re-allocation of part-time workers, age group 
became l e s s  important, work s t a tu s  more so. 
Although t h i s  re-adjustment i s  not accompanied by any improvement in  
model ' f i t ' ,  t he  same r e su l t s  are  being achieved with two l e s s  variables.  
VARIABLE SET C 
Before proceeding with fur ther  adjustments t o  t he  occupation categorisation, 
one other possible amendment t o  t he  variable s e t  was explored; t h i s  was the  
creation of a surrogate variable for  'car-availabil i ty '  f o r  each person, rather 
than using car-ownership a t  a household leve l  for  each household member regardless 
of t h e i r  opportunity t o  use any vehicle owned by t h e  household. 
A variable taking only the  values 1 o r  0 ,  intended as  a surrogate for  car- 
ava i lab i l i ty ,  was generated using the  household ' s t a tu s '  variable,  the  household 
car-ownership and the  driving l icence variable. The ' s ta tus '  variable denotes 
t he  head of household by the value 1, and increasing values then correspond 
(roughly) t o  decreasing age; thus,  comonly, t h e  first record w i l l  be husbana, 
t h e  second wife, and so on (with l e s s  obvious order thereaf te r ) .  The procedure 
t h a t  was adopted was as  follows : i f  t he  household did not own a car ,  then 
a l l  household members were deemed t o  have no car  available;  if t he  household 
owned one car ,  it was al located t o  the  member of t he  household who had ( a )  a 
motor vehicle driving l icence,  and (b )  the  highest ' s t a tus ' ,  a s  indicated by 
the  lowest value of t he  ' s ta tus '  variable.  For households with more than 
one car ,  t he  same rules  were used t o  a l locate  successive cars  t o  other  licenced 
drivers,  i n  decreasing order of household ' s ta tus ' .  
For a number of reasons, t h i s  procedure can only give an approximate 
indication of actual  car-availabil i ty;  however, it was deemed an acceptable 
proxy for  t he  purposes of t h i s  exercise. 
REGRESSIONS FOR VSC. 
Table 10 s e t s  out t he  coefficients of t he  regression model for  VSC, 
which d i f fe rs  from VSB only i n  t h a t  t he  two dummies indicat ing membership 
of non-car-owning households or  multiple-car-owning households, D l 4  and 
D13, a r e  replaced by a s ingle  variable,  D13, now denoting 'car-availabil i ty '  . 
. 
The f i t t e d  model i s  very, very s l i gh t ly  b e t t e r  than previous 
2 
regressions, judged by the  s l i gh t  increase i n  R using two l e s s  variables 
than were used for  regression 3 on VSB, and four l e s s  than for  regression 
1 on VSA. 
The introduction of t he  'car-availabil i ty '  proxy has, however, 
resul ted i n  some f a i r l y  major changes t o  t he  f i t t e d  coeff ic ients .  
F i r s t l y ,  it does i t s e l f  appear as  a s ignif icant  variable;  on average, 
persons c l a s s i f i ed  as  having car  available t rave l led  f o r  some 8 minutes 
more than a similar person without a car available. Majorcorresponding 
adjustments have occurred t o  two classifying variables:  sex and 
occupation. Age, income, day-of-week and location are  substant ia l ly  
unaffected. (we s h a l l  ignore interactions,  once again, on the  grounds 
tha t  they a re  only important for  subsets of the  data.)  The la rges t  change 
is  t o  t he  coeff ic ients  of the  occupational variables:  here, a range 
of 33 minutes has now reduced t o  1 4  as  between most act ive and l e a s t  
act ive categories. The "professional" group have similar average t r ave l  
times t o  the  base "working" group, instead of 1 4  minutes longer. 
Table 10: REGRESSION 4 
VARIABLE SET C - ALL PRESENT 1974 
* denotes coeff ic ient  with estimated standard e r ror  greater  than 
$ the  absolute coeff ic ient  value. 
Basic variables 
D l  Sex : female 
D2 & : 5-16 
D3 17-24 
D 4  60+ 
D5 Occup' : "professional" 
D6 "other" 
D8 Income : medlhigh 
D9 high 
Dl0 Location : suburban 
D l 1  rural/smaU town 
Dl3 Car Avai labi l i ty  
Interactions 
F1 
F5 
F6* 
F8 
u1 
U2 
U4 
Day-of-Week Effects 
Dl8 
Dl9 
D20 
CONSTANT TERM 
R' = 0.085 
Number of cases 10034 
Coefficient 
- 3.1 
- 
+17.2 
- 5.6 
- 
-14.3 
+ 8.8 
+20.6 
+ 2.9 
- 6.2 
+ 8.3 
- 
+17.0 
- 
-43.5 
- 
- 
- 5.0 
+ 4.5 
+ 6.0 
+13.8 
59.0 
S.E. of Estimate 
Change from 
VSB 
+ 6 
0 
+ 1 
0 
-14 
+ 5 
0 
+ 1 
- 2 
- 2 
n.a. 
+-8 
+ 8 
- 3 
- 8 
0 
- 5 
- 5 
0 
o 
0 
- 4 
57.6 
The "other1' group have 1 4  minutes l e s s  t r ave l  time, on average, instead 
of 19 minutes less .  Another marked change i s  t o  the  average difference 
between males and females, which has now reduced from 9 minutes t o  
3 minutes. Predictably, our a l locat ion system has made cars  available 
mainly t o  males - and hence there  has been an adjustment i n  which a 
reduction i n  t he  'penalty' fo r  the  female average is o f f se t  by a 
'bonus' fo r  t he  male average v i a  the  car ava i l ab i l i t y  variable.  The 
changes t o  t he  occupational coefficients a r e  perhaps ra ther  l e s s  predictable; 
i f  anything, adjustments t o  t he  income coefficients,  on the  groundsthat 
the  car-availabil i ty variable w i l l  iden t i fy  not only males 
predominantly, but high-income males i n  par t icular .  However, the  income 
variable has been defined as income per person,not income per household; 
t he  former quantity i s  c lear ly  l e s s  d i rec t ly  associated with car-ownership 
than the  l a t t e r .  It is males from high-income households (regardless of 
household s i z e )  t h a t  t he  car-availabil i ty variable picks up, i n  
t he  main, and these for  the  most par t  f a l l  in to  t he  "professional" 
occupational category. Thus, the  introduction o f a  'bonus' fo r  car-avai labi l i ty  
is  offset  by a compensating reduction i n  t he  'bonus' f o r  membership of 
t he  "professional" occupation category. 
Reasoning along these l i n e s  does help t o  underline t he  purely 
descriptive nature of these models. We have produced a number of d i f fe ren t  
possible descriptions for  t he  observed variations i n  t he  data; from a 
single data s e t ,  only appeal t o  in tu i t ion  serves t o  judge between them, 
and only i f  a par t icu la r  description proved adequate f o r  d i f fe ren t  data 
s e t s  from d i f fe ren t  time periods and sub-areas, would we consider 
advancing it as an "explanation" and a t t r ibu t ing  causes t o  t he  e f fec t s  
we have measured. 
VARIABLE SET D 
In  the l a s t  var iant  of the  choice of variable s e t ,  t he  occupational 
categories were reallocated as  described i n  section 7; farmers, other 
than farm labourers, were r ec l a s s i f i ed  with "non-workers" (on the grounds 
of not making journeys t o  work) and students were reallocated with the base 
group (having an educational t r i p  instead of a work t r i p ) .  The income 
categorisation was replaced by a continuous re la t ionship between t r a v e l  
time and income per person; thus equation (1)  becomes 
-. . 
with notation as  before, but with I denoting income per person (Elannum) 
and  being a f i t t e d  constant. 
Other than these changes, the  variable s e t  was a s  f o r  VSC. 
FLEGRESSIOX FOR VSD 
The r e su l t s  a r e  s e t  out i n  Table 11. Overall we have once again 
made very s l i g h t  improvements t o  t he  model a t  t he  same time as reducing 
the number of independent variables i n  the  model. 
The major a l t e r a t ions  have taken place between the  co-efficients i n  
t he  sex, age and occupation categories,  pr incipal ly  as a consequence of 
t he  re-allocation of students with the base occupation category. This 
has l e f t  'housewives' making up some 64% of the  "other" category, instead 
of 35% when students were a l so  c lass i f ied  there.  As a r e su l t ,  t h i s  
category has adjusted t o  be more d i rec t ly  representative of housewives, 
and the  extra  adjustment of the  'female' co-efficient is  no longer needed; 
t he  "other" category is  now typ i f ied  by an extra  "penalty" of 2 minutes, 
and the separate penalty of 3 minutes for  the  female average i s  not needed. 
Likewise, the  separate penalty for  old  age is  no longer necessary. 
However, an extra  penalty for  membership of t he  5 - 16 age group i s  now 
needed t o  correct  for  t h e  lower than average t r ave l  times of schoolchildren. 
The four bands for  income per head t h a t  were defined i n  Section 5 
have mean points somewhere around £500, £1200, £2000 and £3500 respectively; 
the  continuous income co-efficient, 6 minutes extra  t r ave l  time per £1000 
of income, would correspond t o  differences of 4 minutes, 5 minutes and 
9 minutes between these means: thus,  r e l a t i ve  t o  band 2, we would expect 
co-efficients for  D7, D8 and D9 of -4, +5 and +14 respectively:  these 
were estimated as  0 ,  +9 and +21 i n  regression 4, which may indicate  some 
non-linearity i n  t h e  response t o  income. 
This poss ib i l i t y  was explored by including a quadratic term i n  
income i n  t h e  variable s e t ,  but t h i s  did  not enter the  equation and had 
no e f fec t  on the model. 
Table 11: REGRESSION 5 
VSD - All present, 1974 
D5 Occup. : " professional" 
D8 Income: med/high 
Dl0 Location: suburban 
rural/small town 
Dl3 Car availability: 
Interact ions 
Day-of-the-week effects 
Dl8 Wednesday 
Dl9 Thursday 
SUMMARY 
In t h i s  Chapter, we have presented a number of models giving 
a l te rna t ive  descriptions of t he  relationship between t o t a l  t r ave l  
time and person and household character is t ics .  These r e su l t  i n  
differing emphases being placed on categorisations by major re la ted  
variables,  sex, age, income, car-ownership, and occupation. On t h e  
basis  of a s ing le  cross-sectional data s e t ,  it i s  not possible t o  
advance any of these as  s tab le  relationships which might be used t o  
forecast .  In  any event, none of the  hypothesised models explain much 
of the  observed var ia t ion i n  individual reoorted t o t a l  t r a v e l  times - 
all have values of R~ between 8% and 9%. 
However, together t he  models do t e s t i f y  t o  regular,  i n tu i t i ve ly  
sensible and s t a t i s t i c a l l y  s ignif icant  variations i n  mean t r a v e l  
times f o r  groups of s imilar  individuals. 
CHAPTER 3 
A BREAKDOWN OF INDIVIDUAL TRAVEL TINES INTO 'MANDATORY' AND 'DISCRETIONARY' 
TRAVEL. 
The conclusions from the  l a s t  chapter were t ha t  individual t r ave l  times 
were not strongly re la ted  t o  personal o r  household charac te r i s t ics .  
This chapter reports the  r e su l t s  of an analysis which was designed t o  
provide more insight  i n to  t he  pat tern of expenditure of time on t r ave l ,  
and i n  par t icu la r  t o  permit some ten ta t ive  inference as  t o  the  importance 
of t he  overal l  t r a v e l  time budgets i n  determining response, ( i . e .  change i n  
individual t o t a l  t r a v e l  times) t o  network character is t ics .  Ideally,  such 
inference would be based on data which described each individual 's  movements 
before and a f t e r  par t icu la r  network changes; unfortunately, t h i s  so r t  of 
data s e t  i s  not avai lable  t o  us. Instead, we have information covering 
only one day's t r a v e l  patterns f o r  each of a l a rge  number of individuals 
from different  areas.  Clearly no direct  inference i s  possible. 
However, consider t h e  hypothesis t h a t  individuals have ta rge t  'budgets' 
of t r ave l  time which have been determined pr ior  t o  ac tua l  trip-making, 
and which the individual seeks t o  preserve by an appropriate choice of a s e t  
of ac t iv i t i es / loca t ions ,  together with a sequence by which t o  l i n k  these 
and a select ion of modes f o r  each l i n k  i n  t he  sequence. In  some form, 
this hypothesis would be cen t ra l  t o  t he  idea t h a t  t r ave l  budgets 'govern' 
t r ave l ,  and thus t h a t  forecasts of t r ave l  budgets can be used t o  generate 
Lor judge) more de ta i led  forecasts of t rave l .  If t r a v e l  budgets are  only 
incidental  t o  the  choice of act ivi t ies / locat ions ,  then i n  general network 
changes should simply r e su l t  i n  a l te red  t r ave l  patterns and changed t r ave l  
budgets. On the  other hand, evidence pointing t o  a tendency t o  adjust  
t r ave l  patterns t o  preserve an or ig ina l  budget could be taken t o  support 
t he  hypothesis t h a t  t h i s  budget would also tend t o  remain unchanged a f t e r  
any network a l te ra t ions  i n  t he  future;  i . e .  t h a t  there  i s  a s tab le  
behavioural phenomenon, (a lbe i t  s t i l l  i n  need of ra t iona l  explanation) 
which could be used t o  predict  some aspects of t r ave l  behaviour. 
From the  data we have analysed, there  i s  evidence of sizeable variations 
i n  overal l  average t r ave l  times f o r  dif ferent  groups of the  population, and 
even la rger  var ia t ions  in individual t r ave l  times within these groups. 
Clearly, i f  the  notion were t o  be one of a single t r ave l  time budget f o r  a l l  
individuals, o r  a s ing le  t r ave l  time budget for  each of a number of par t icular  
- 
groups of individuals, t he  data suggests t ha t  people are  remarkably unsuccessful 
i n  achieving these t a rge t s .  I s  there  any indication t h a t  they a re  t rying t o  do s c  
In  an attempt t o  answer t h i s  question, t o t a l  t r ave l  time has been s p l i t  
i n to  t r ave l  f o r  'mandatory' purposes (work, employer's business o r  education) 
and t r ave l  for  'discretionary'  purposes ( the  r e s t ) .  I n  as much as 'mandatory' 
t rave l ,  thus defined, i s  v i r tua l ly  inescapable, i n  t he  short  term the  individual 
can only adjust  h i s  overal l  t r ave l  time by varying h i s  a l locat ion of time t o  
discretionary t rave l .  If a par t icu la r  group of individuals were endeavouring 
t o  achieve a common al locat ion of t i n e  t o  t r ave l ,  we would expect t ha t  those 
with t he  highest 'mandatory' t r ave l  outlays would t r y  t o  compensate by 
reducing t h e i r  'discretionary'  t r ave l .  If no such compensation occurred, 
we might argue t h a t  no attempt was being made t o  achieve a common time budget. 
More generally, within groups of ' s imilar '  individuals,  (and here we 
must allow f o r  t he  various background variables such as  age, sex, e t c . )  we 
would expect those with higher than average al locat ion of time t o  mandatory 
t r ave l  t o  have lower than average allocations t o  discretionary t r ave l ,  even 
i f  each individual had h i s  own unique ' t a rge t '  of t o t a l  t r a v e l  time. 
THE LOGIC OF THE PROGRAM TO PERFORM THIS BREAKDOWN 
The program takes t he  combined t r i p ,  person and household information, 
deletes non-travellers, and merges t h i s  information with data describing 
the  location of t he  primary destinations (coded as  t he  f i r s t  eight l e t t e r s  
o r  numbers o f t h e  address, converted t o  numerical values) and information on 
t r i p  purpose, converted t o  one of three values (1,2,3) corresponding t o  three 
categories of t r i p s .  !These comprise; t r i p s  made t o  work, education, on 
employer" business, o r  a s  an escort ;  t r i p s  made for  personal business, 
shopping, social j recreat ional ,  tour  o r  learner ;  and t r i p s  made going home. 
Provision i s  made t o  delete  dummy origins from the  f i l e ;  these a r i s e  because 
the  f i r s t  t r i p  recorded i n  any survey period may be s t h e  home, from an 
unknown destination which is  thus coded zero. Deletion i s  performed by 
skipping over records which a r e  coded with purpose as  zero. 
Time spent on each t r i p  fo r  each person is sorted in to  two categories; 
the  categories correspond t o  t h e  purpose categories 1 and 2 for  t h e i r  
def ini t ions  of 'mandatory' and 'discretionary'  t r ave l .  The output 
f i l e  contains one record f o r  each t r ave l l e r ,  i n  which h i s  t r a v e l  time 
i s  a l located between M o r  D t r ave l  according t o  simple r W  described 
below. (Note; not a l l  complex t r i p  patterns can be unambiguously dissected 
i n  t h i s  way, and t r ave l l e r s  whose t r ave l  i s  too complex for  t h i s  
analysis are  indicated by~&e use of the  marker variable ICOMP. An 
-. 
a l te rna t ive  would be t o  a l loca te  a l l  tours which could be analysed by 
the  chosen ru les .  For t h i s  analysis,each person record would have three 
categories of time spent; one for  mandatory (M) t r ave l ,  one for  
discretionary ( D )  t r a v e l ,  and one for  un-analysable t rave l . )  
It w i l l  be seen from the rules  s e t  out below t h a t  an a rb i t r a ry  
decision has been made t o  consider only tours  with four or  l e s s  t r i p s ,  
where a tour  i s  defined as  a home-to-home c i r cu i t .  !The relaxation of 
t h i s  ru l e ,  t o  f i ve  o r  more t r i p s ,  would r e su l t  i n  some t r ave l  pat terns  
which a re  presently considered t o  be 'un-analysablet becoming amenable 
t o  dissection. '~ . ~ , . ~. .., . 
Another reason for  a tour  being 'un-analysable' is described below; 
br ie f ly ,  t he  method adopted involves imputing a diversion time t o  
discretionary a c t i v i t i e s  which are  undertaken during a primarily mandatory 
tou r ;  f o r  some sequences of M and D t r i p s ,  it i s  not possible t o  deduce 
the basic and diversion components of the  tour .  This event i s  noted on 
the  person record by a marker variable cal led ICHECK, which takes the 
value 1 i f  a l l  tours  a r e  analysable, 2 i f  t he  f i r s t  t r i p  is  t o  the  home 
(an occurence which should be excluded if the  t r i p  s t a r t ed  before the 
survey period, since the or igin  would then be a dummy zero along with 
the t r i p  purpose, but which might a r i s e  i f  the  t r i p  s t a r t ed  within t h e  
survey period;) and f i n a l l y  3 i f  the  tour cannot be resolved i n t o  M and 
D components despite being l e s s  than f ive  t r i p s  long. 
Also retained and output on the  person record i s  a var iable  IND 
which records t he  number and sequence of t h e  M and D t r i p s  within 
analysable tours.  I n  t h i s  variable,  mandatory tours  a r e  represented by 
odd numbers 1, 3 and 5, which would be taken t o  represent th ree  different  
mandatory destinations (o r  more exactly, those mandatory destinations 
within which se t  the  first destination i s  not revis i ted;  we know t h a t  
destination 3 i s  not a t  t he  same address as  destination 1 o r  5,  but 3 
and 5 might be iden t ica l .  ) Similarly,  discretionary tours  a r e  
represented by even numbers; thus a value of IND of 123 would represent 
a four t r i p  tour which commenced with a journey t o  a mandatory 
destination,  a discretionary journey, a t h i r d  t r i p  t o  a different 
mandatory destination followed by a re turn t o  the  home (unless the  value 
of t he  marker ICCMP indicated t h a t  the  fourth t r i p  did  not re turn home; 
- 
i f  the  tour  was more complicated than four t r i p s  it would not be 
analysed by t h i s  version of t h e  program). In  f ac t  t h i s  pat tern would 
not be analysable by the  rules  adopted, which i n s i s t  t h a t  a tour  combining 
mandatory and discretionary t r i p s  be t rea ted  as  if the  discretionary 
t r i p s  were a l l  diversions from the mandatory pat tern.  Thus a tour  12,  
a mandatory t r i p  followed by a discretionary t r i p  followed by a re turn 
home (we assume t h a t  ICOMP confirms t h i s )  would be anls~rsed so tha t  the  
M time was e i t he r  twice the outward time or  the  t o t a l  tour  time, whichever 
was l e a s t ,  and the  discretionary time was e i ther  t he  difference between 
the  t o t a l  tour  time and twice the  outward M time, or  zero, whichever was 
greater .  In  t h i s  way, we never ge t  'negative' times; however, if outward 
and return legs of a journey ( i . e .  a.m. and p.m. speeds i n  many cases) 
were markedly d i f fe ren t ,  t h i s  simple ru le  would lead  t o  unrea l i s t ic  
resu l t s  i n  individual cases. (Presumably, corresponding 2 1 t o u r s  would 
then be biassed i n  t he  opposite direction,  which would compensate.) 
Table 12se t s  out t h e  possible values of I N D ,  t h e i r  associated values 
of ICHECK and the  a l locat ion of t he  t r i p  time t o  e i t he r  M o r  D purposes, 
or  i t s  division between them. The l a s t  item should be interpreted 
sequentially,  i n  t he  sense t h a t  a tour 131 would be encountered four 
times; one as  1 i n  a current tour ,  once as  1 3  and once as  131 also i n  
current tours ,  and once a s  131 on encountering a re turn t r i p  home. 
If the  fourth ' leg '  of t he  tour  does not consist  of a t r i p  home, 
then the  indicator ICOMP i s  s e t  t o  1; subsequent t r i p  times a r e  then 
added t o  the  TA running tour t o t a l .  In  t he  tab le  behow, the  program 
sequence i s  t o  iden t i fy  the  nature of the  current t r i p  - i . e .  M o r  D 
or  home - and then check t h e  value of I N D .  For example, suppose a 
work t r i p  had been encountered, and the value of I N D  i n  the  tour  was 2; 
the  program would recognise t h a t  t he  current tour  was now '21' ,  and 
would perform the  operation from table12,namely se t t i ng  the  current 
t o t a l  of time spent on M t r ave l  a t  the  time spent on t h i s  t r i p ,  T. The 
current t o t a l  of time spent on D t r ave l  i n  t h i s  tour  remains a t  TB, the  
time spent on the first t r i p  i n  t h i s  case. In  t h i s  version of t he  
program, t he  only 'analysable' tour  which s t a r t s  with the sequence 21 
i s  the  completed tour  21 - i . e .  i f  the  next t r i p  i s  back t o  the  home. 
If a home t r i p  is encountered next, the  program w i l l  s e t  TB, t he  tour  
D time, a t  max(0, ~ ~ 4 2 )  and TA a t  min(2T, TB+T). The log ic  of t h i s  can 
be seen by considering figurE lhbelow, i n  which the movement between 
Table 12. 
Current tours Home trip 
IND ICHECK 
1 TA = TA + T TA = TA + T 1 
13 TA = TA + T TA = TA + T 1 
132 TB = TB + T TA = TA + T 3 
131 TA = TA + T TA = TA + T 1 
135 TA = TA + T TA = TA + T 1 
12 TB = T TA = min(2TA, TA+T) 1 
TB = max(0, T-TA) 1 
124 T B = T B + T  TA = min(2TA, TA+TB+T) 1 
TB = max(0, TBYP+TA) 1 
12 3 TA = TA + T TTA = TTA + TA + T 3 
121 TB = TB + T TA = TA + T 1 
2 T B = T B + T  TB = TB + T 1 
24 TB = TB + T TB = TB + T 1 
241 TA = T TB = max(0, TB-T) 1 
TA = min(2T, TB+T) 
242 TB = TB + T TB = TB + T 1 
246 TB = TB + T TB = TB + T 1 
21 TA = T TB = max(0, TB-T) 1 
TA = min(2T, TB+T) 
213 TA = TA + T TTA = TTA + TA + T 3 
214 TB = TB + T TTA = TTA + TA + T 3 
212 TB = TB + T TTA = TTA + TA + T 3 
the M and D and home locations are represented by the triangle MDH. The 
basis of the program is that the trip between H and D is 'inescapable' 
in both directions, and that the time spent on discretionary travel is 
thus only the diversion time, HD + DM - MH. In most cases this will 
probably be reasonable; however it is likely that there will arise 
instances when the direct trip between the mandatory location M and 
the  home H takes longer than the sum of t he  two movements HD and DM, 
and i n  these cases t h e  mandatory t r i p  time i s  simply taken a s  t he  
t o t a l  t r a v e l  time on t h e  tour ,  and the  discretionary diversion time 
estimated a t  zero. 
Figure 14: a three l eg  tour 
The resul t ing breakdown of t r ave l  time in to  discretionary and 
mandatory components forms a basis  for  investigating the  nature of 
individual t r ave l  behaviour. Dummy variable regression models can 
then be f i t t e d  t o  t he  data t o  i so l a t e  and measure the d i rec t  and 
interact ion e f f ec t s  of those variables which have been found t o  affect  
t r ave l  times i n  t he  previous stage of the  study . A 
full se t  of categorising variables w i l l  be investigated, since it i s  
possible t h a t  groups with overal l  average t r ave l  behaviour i n  terms 
of t o t a l  time outlay have d i s t i nc t ly  unusual divisions of t h a t  t o t a l  
outlay in to  discretionary and mandatory t r ave l .  
BREAKDOWN RESULTS 
Application of t he  program based on 'Four l e g  maximum' t r i p s  l e d  t o  
8541 of t he  8911 individual day's t r ave l  reports being capable of being 
subdivided in to  mandatory and discretionary times. Thus, even without 
refining the  program t o  deal w i t h  f ive o r  more ' leg '  t r i p s ,  we have 95% 
of t he  records dissected; t h i s  w i l l  be taken t o  be a suf f ic ien t  proportion 
of the  data for  our purposes. Figure 15  displays t he  proportions of t he  
'analysable' population i n  various categories, against t he  corresponding 
proportions i n  t he  population of t r ave l l e r s .  It can be seen t h a t  the  
only difference i s  i n  the  proportions i n  the  occupational categories; 
there  is a very s l i gh t ly  higher proportion of workers i n  t he  DISCAN 

s e t ,  together with a lower proportion of 'unemployed-other'. Apart 
from t h i s ,  t he  percentage of 'analysable' records appears t o  be conskant 
over a l l  categories. 
In  Table13is  s e t  out t he  model tha t  was f i t t e d  t o  t he  t o t a l  t r ave l  
time of t he  'analysable' t r ave l l e r s  using the procedure and category 
definit ions of var iable  s e t  B (column 5 ) .  On the  same tab le ,  
t he  corresponding model f i t t e d  t o  all t r ave l l e r s  i s  l i s t e d  (column 4 ) .  
It may be seen t h a t ,  ignoring the  adjustments t h a t  have taken place i n  
the  interact ion terms, t he  variations i n  t r ave l  times i n  t he  'analysable' 
sub-population are  very similar t o  those displayed by the  t o t a l  t rave l l ing  
population, as  might be expected, since only 5% of t r a v e l l e r s  are  
'unanalysable'. Columns 1 and 2 on Table13set  out t he  r e su l t s  of t he  
d m y  variable regression, using VSB defini t ions ,  f o r  'analysable' 
t r ave l l e r s ,  distinguishing between time spent on mandatory a c t i v i t i e s  
(col.1) and time spent on discretionary a c t i v i t i e s  ( ~ 0 1 . 2 ) .  Column 3 
i s  merely the  sum of t he  en t r ies  i n  columns 1 and 2. Comparing column 3 
with column 4 or  column 5 confirms tha t  t he  overal l  p ic ture  given by 
considering var ia t ions  i n  mandatory and discretionary times separately 
conforms broadly t o  t h a t  given by direct  inspection of t o t a l  t r ave l  time. 
The in te res t ing  r e su l t s  o f t h i s  analysis are  seen by inspection of 
t he  way i n  which the  overal l  variations i n  t r ave l  time a r e  seen t o  vary 
-as between discretionary and mandatory a c t i v i t i e s .  
F i r s t l y ,  t he  constant terms indicate t h a t ,  for  t he  base group and 
day-of-week, the  r a t i o  of mandatory t o  discretionary t r ave l  time was 
roughly 5:2 i n  1974. However, it i s  c lear  t ha t  there  are  wider ranges 
of inter-person-type var ia t ions  i n  Mbndatory (M) and Discretionary ( D )  
t r ave l  than i s  overal l  t o t a l  t r ave l .  The patterns t h a t  appear a r e  
unsurprising, although a welcome corroboration of t he  procedures t h a t  
have been used t o  assess M and D t r ave l  time. 
The lower average t r a v e l  time i n  t he  female population i s  seen t o  
f a l l  i n  t he  category of reduced M t r ave l ,  as  might be expected. Taking 
11 age" and "occupation" together,  children of school age (who w i l l  a lso  
appear a s  "other occupation" i n  t h i s  variable def ini t ion)  a r e  seen t o  
have greater  M t r ave l ,  but very much l e s s  D t r ave l  than average. The 
extra  t r ave l  reported by 17-& year-olds i s  seen t o  be connected with 
M ac t iv i t i e s .  Finally,  t h e  60+ group report considerably l e s s  M-travel, 
but s l i gh t ly  more D-travel than average. The "occupation" categories 
a lso show s t r ik ing  differences i n  t he  way tha t  M and D t r ave l  combines 
t o  produce overal l  t r a v e l  time patterns.  The increased t r ave l  associated 
with "professional" workers all attaches t o  M-travel. The "other", or 
non-work category, have a s l i gh t ly  lower than average overal l  time, but 
t h i s  r e su l t s  from the cancelling out of a considerable l e s s  
commitment t o  M-travel by an anly s l i gh t ly  lower extra  amount ur 
D-travel . 
Income ef fec t s  de? seer. t o  be mostly associated with M-travel, as  
a r e  t he  l e s s  important var ia t ion according t o  location.  Level of car- 
ownership affected nei ther  M nor D t rave l .  Once again a s  might be 
expected, day-of-the-week var ia t ion was en t i re ly  due t o  var ia t ions  i n  
2 D-activity. The R values associated with these models a r e  0.10 for  
M-travel, 0.11 f o r  D-travel. Although st i l l  f a i r l y  low, these leve ls  
a r e  encouragingly higher than the values around 0.08 found i n  similar 
models based on overal l  t o t a l  t r ave l  time. It seems t h a t  by dissecting 
t r ave l  time i n  t he  way we have, we have i so la ted  aspects of individual 's  
dai ly  t r ave l  which lend themselves more readi ly  t o  interpreta t ion i n  t he  
context of the  background variables t ha t  we have chosen. 
Table 13 
1974 CSTRDB - Models of Mandatory, Discretionary and Total Trsvel Time. 
(c.f. Table 7 of WN.26) 
For Travellers: V.S.B. 
D9 high 
Dl0 Location suburban 
Dl1 rural/small town 
013 Cnr-ownership 2+ cars 
Dl4 0 cars 
Internctions 
F1 17-24 B "prof" 
*F4 "prof" B high inc. 
F5 2t cars P "prof" 
*F6 2+ cars P high inc. , 
F8 17-24 B "prof" 66 2+ cars 
U female B (5-16 or 60+) 
*U2 female M other 
U3 female B low inc. 
U4 female B rural 
U6 low inc B (5-16 or 60+) 
U13 femnlr a rural B (5-16 or 60+) 
3%~-of-Week Effects 
Dl7 Tuesday - - - -0.9 -1.4 
Dl8 Wednesday - +7.1 +7.1 c4.7 +5.2 
Dl9 Thursday - +5.7 +5.7 +5.5 +5.2 
D20 Friday - cll. 3 c11.3 e13.6 +12.0 
- 
CONSTANT TERM 48.3 21.9 70.2 
, 69.1 68.3 
R~/s.E.=T Estimate 0.20/39.0 0.11/43.2 0.07/57.7 0.07/54.2 
No. of cases 8541 8541 8911 8541 
+lo. 3 
+2.2 
-4.9 
- 
- 
r14.1 
+4.3 
+7.7 
+2.8 
-27.7 
+10.5 
+3.5 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
+7.6 
-5.0 
+lo. 3 
+2.2 
-4.9 
- 
- 
-14.1 
+4.3 
+7.7 
+2.8 
-27.7 
+lo. 5 
+3.5 
- 
- 
+7.6 
-5.6 
+18.1 
- 
-7.4 
- 
- 
-27.6 
- 
+8.3 
+3.7 
- 
7.0 
- 
- 
-5.8 
- 
- 
+16.7 
- 
-7.9 
+3.3 
- 
-28.4 
- 
- 
t3.1 
- 
U l l  
"I; 
-15.1 
~10.4 
+12.1 
' m i c a l l  Individuals ( a l l  urban, 1 car owners, Monday t rave l . )  
A = Constant + 02 + 06 + U5. 
B = Constant + Dl + 02 + 06 + D8 c U2 + U l  + u5 + U11. 
C = Constant + 03 + 05 + D8 + F1 + F2 + F4 + F7. 
D = Constant c D l  c 03 + 07 + U3. 
E = Constant 
F = Constant c D l  + 06 + D7 + U2 + U3 + U8 + U14. 
G = Constant + 04 + D9. 
H = Constant + D l  + 04 + 06 + 07 + 02 + U 3  + Ul + U8 + U5 + Ull + U12 + U 1 4 .  
Individual 
A 
B 
C 
D 
E 
F 
G 
H 
ape 
5-16 
5-16 
17-24 
17-24 
25-59 
25-59 
60+ 
Go+ 
Sex 
M 
F 
M 
F 
M 
F' 
I4 
F 
Occupn. 
"other" 
"other" 
"prof" 
worker 
worker 
"other" 
worker 
"other" 
Income 
medfibv 
medl 
high 
med/ 
high 
law 
med/loh 
low 
high 
low 
Travel Time (mina. /day) A l l  
Travellers 
Actual 
Aversge 
43 : 
50 
85 
74 
67 
53 
81 
64 
Model l A  
("01.5 
of T.11 
49 
. 47 
79 
66 
68 
52 
85 
62 
'Analysable' 
Travellers 
Actual 
Average 
42 
47 
76 
69 
68 
50 
83 
64 
~ o d e i  
(co1.4 
of T.1: 
48 
57 
00 
76 
69 
57 
88 
64 
M+D 
(co1.3 
of T.1) 
42 
48 
89 
65 
TO 
51 
71 
52 
The main reason for  analysing t r ave l  time i n  t h i s  way was t o  examine 
the  hypothesis t h a t  individuals had ' t a rge t '  t r a v e l  times which they would 
continue t o  t r y  t o  achieve a f t e r ,  f o r  example, network changes. If such 
' t a rge ts '  ex i s t ,  then it w i l l  clear ly  be highly informative t o  t r y  t o  place 
numerical values on them, and t o  use t h i s  information i n  forecasts.  In  
t he  main, we have ident i f ied  what may loosely be described as  patterns of 
soc ia l  organisation which run through the data s e t .  For example, by auc 
-
definit ion of mandatory, on average non-working housewives have lower than 
average time outlays on M travel. On the other hand, typ ica l ly  they 
perform most of t h e  a c t i v i t i e s  associated with household maintenance, and 
thus have on average an extra  component of D t r ave l .  This sor t  of 
organisational compensating mechanism is of no in t e r e s t  t o  us as  f a r  a s  
casting l i g h t  on t h e  c r ed ib i l i t y  of the  ' t a rge t t ing '  hypothesis i s  
concerned. Similarly, t he  f ac t  t h a t  r e t i r e d  people have l i t t l e  o r  no 
M t r ave l  but do t r a v e l  more than average during the  day on D ac t iv i t e s  
i s  beside the  point. What we a re  looking for  a r e  broadly homogenous 
groups of individuals who seem t o  have broadly similar schedules. Within 
each of these groups, were each group member ' t a rge t t ing '  fo r  the  group 
average t o t a l  t r ave l  time, we would expect t o  find,  on average, t h a t  
individuals with unusually (by group standards) high M t r ave l  commitments 
compensated by reducing t h e i r  D t r ave l .  Correspondingly, we would expect 
t o  f ind those with lower than average M t r ave l  t o  use the time released 
t o  t r ave l  longer on D a c t i v i t i e s .  (Note t ha t ,  i f  each group member 
were ' targetting' t o  a udique desire5 t r ave l  time, then provided tha t  
t he  average of the  ur:rsonal t a rge ts  for  those with hizh mandatory cdmitments 
was t h e  same as  t h e  average f o r  those with low mandatory commitments, we 
would expect a s imilar  pa t te rn  t o  emerge i n  t he  date - i . e .  low M tending t o  
be associated with high D ,  and vice-versa.). 
We can also t e s t  a strong counter hypothesis, t ha t  t he  time al located 
t o  t r ave l  connected with discretionary a c t i v i t i e s  i s  independent of t h a t  
al located t o  t r ave l  f o r  m d a t o r y  a c t i v i t i e s ,  using the  CSTRDB. 
Tables 1 5  ana 16 s e t  out t he  number of t r ave l l e r s ,  male and female 
respectively, i n  t he  age range 1 7  t o  59 years, c lass i f ied  as  'working', 
but excluding the  group of individuals c lass i f ied  as  having 'professional'  
occupations and a l so  being i n  t he  17-24 year age group. Only such 
individuals as  reported -mandatory and discretionary t r a v e l  on the  
survey day a re  recorded i n  these tables .  In  the  ( i . j )  c e l l  of each tab le ,  
n the  number of individuals with reported M time i n  range i and D time i j '  
i n  range j i s  s e t  out beside a modelled value, n *. This model i s  the  i j  
conventional model of independence i n  two-way tab les ,  calculated a s  
The correspondence i s  marked, and i s  confirmed by t h e  values of t he  
(ni .-ni .*) 2 
s t a t i s t i c  x2 = C i j  ' which, on the  nu l l  hypothesis of 
n. .* 
1J 
independence of choice of mandatory and discretionary t r ave l  times, i s  
2 X dis t r ibuted with (r-1) (c-1) degrees of freedom, ( r  and c being respectively 
the number of rows and columns i n  the  t ab l e ) .  
2 The calculated values (using unsounded values of n. *) were X = 66.0 
lj 
with 49 degrees of freedom for  t ab l e  4 and 8 = 40.1 with 42 degrees of 
freedom f o r  t ab l e  5. Using the  approximate transformation 
B = (fi8 - Gl), where n '  = degrees of freedom, we can convert these 
values t o  N(0,l)  var iables  : we obtain 
Z = 1.63 f o r  t ab l e  4, and 
B = 0.16 for  t ab l e  5. 
Thus we would not r e j ec t  t he  nu l l  hypothesis a t  the  95% confidence level  
for  e i ther  t ab le ;  and conclude t h a t  there  i s  no evidence t h a t  discretionary 
t r ave l  time var ies  with committed mandatory t r ave l  time. 
According t o  our e a r l i e r  analysis,  t he  only major systematic influences 
l e f t  a f te r  grouping i n  t h i s  way a re  day-of-week (Friday i n  pa r t i cu l a r ) ,  
income (high income i n  pa r t i cu l a r )  and occupation (professional, "other" 
having already been excluded. ) 
To demonstrate t ha t  these factors  a r e  not masking a ' t a rge t t ing '  
re la t ionship i n  t ab l e s  1 5  and16, t ab l e s  17  and18 s e t  out t he  same information 
but f o r  a l l  individuals, male and female separately, excluding 
( a )  non-travellers; 
(b )  those l e s s  than 17  c% 'over 60; 
(c ) non-workers ; 
(d )  high income; 
( e )  'professionalt  workers; and 
( f )  Friday t r ave l .  
The calculated Z values were -a138 and 0.47 respectively;  on the  
n u l l  hypothesis, H say, these Z values would be dis t r ibuted a s  N(0,1), and 
0 
we would thus not r e j e c t  Ho a t  t he  95% confidence l eve l  unless we observed 
a Z value i n  excess of 1.96. Accordingly, we would conclude tha t  there  
i s  no evidence of dependence between t r ave l  time connected with discretionary 
a c t i v i t i e s  and t r a v e l  time connected with mandatory a c t i v i t i e s  f o r  these 
tables  e i ther .  
Finally,  there  i s  t he  question of whether o r  not a re la t ionship 
ex is t s  between time al located t o  M t r ave l  and the  frequency with which 
out-of-home discretionary a c t i v i t i e s  are  reported. Figure 16 displays 
t he  appropriate percentages of males and females reporting no D t r ave l  
a t  al l ,  plot ted against t h e  leve l  of M t r ave l  reported. It may be seen 
tha t  there  i s  indeed some indication of an upward t rend i n  each case; 
t h e  effect  i s  very s l i g h t ,  but ,  fo r  these two groups a t  l e a s t ,  increasing 
mandatory t r ave l  times correspond t o  marginally decreasing frequency of 
reporting out-of-home discretionary ac t iv i t i e s .  
Figure17 displays t he  average D t r a v e l  times corresponding t o  t he  
several  bands of M t r a v e l  time, both for  a l l  analysable t r a v e l l e r s  and 
f o r  a l l  such t r ave l l e r s  as  reported M and D t r ave l .  There a r e  no 
obvious trends i n  t h i s  data.  
Xe can conclude t h a t ,  f o r  t h i s  data s e t ,  (a )  there  is no systematic 
re la t ionship between t r a v e l  tiines for  M and f o r  D a c t i v i t i e s  f o r  those 
t r ave l l e r s  wha reported BotN s o r t s  of ac t iv i ty ;  (b) t he re  i s  some indication 
of a s l i gh t  decrease i n  t h e  frequency of reporting out-of-home discretionary 
a c t i v i t i e s  for  those with higher M t r ave l ,  but (c)  t h i s  l a t t e r  e f fec t  i s  
so s l igh t  t ha t  there  i s  no resul t ing downward t rend i n  average D t ravel  
-
times for  increasing M t rave l .  
CONCLUSIONS 
Figure18 se t s  out a scattergram of t he  reported mandatory and 
discretionary t r a v e l  times for  5000 individuals from t h e  1974 CSTRDB. 
The features of the  data t h a t  a r e  obvious from t h i s  display a re  t h a t  
Table 1 5  43 
pbserved and Modelled Numbers of Travellers: 
Male, 17-59, Working, excluding (17-24 x 'prof ) 
minutes) 
10-20 20-30 30-40 40-50 50-60 60-70 70+ 
(minutes) 
<10 
10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70+ 
T o t a l  Number = 990 
Table 16 
Observed and Modelled Numbers of Travellers: 
Female, 17-59, Working, excluding (17-24 x 'prof' ) 
Total Number = 718 
Table 17 
Observed and Modelled Numbers of Travellers 
(See text.) 
\ D-times , (minutes) 
10-20 20-30 30-40 >40 
M-times 
(minutes ) 
Total Number = 588 
Table 18 
Observed and Modelled Numbers of Travellers 
(See text.) 
\ D-t imes (minutes) 
M-i ime s\ <lo 10-20 20-30 30-40 40-50 
(minutes ) 
Total Number = 561 



( a )  The bulk of t h e  data is  concentrated i n  the  region bounded by 
70 minutes M t r a v e l  and 70 minutes D t rave l .  
(b )  There a r e  extremely long ' t a i l s '  outside t h i s  region, and when 
several  hours a r e  being spent on one or  other s o r t  of t r ave l ,  
l i t t l e  or  no time i s  al located t o  the  other. 
The second fea ture  does t e s t i f y  t o  an inevi table  form of 
' t a rge t t ing ' ,  i n  t he  sense t h a t  there  are  only 24 hours i n  t he  day 
and a r e a l i s t i c  upper l i m i t  ra ther  l e s s  than t h i s  normally available 
- 
for  t rave l .  I f  one ' s o r t '  of t r ave l  occupies a la rge  par t  of t he  day, 
there  simply may not be time l e f t  t o  spend on t rave l l ing  t o ,  and 
par t ic ipat ing i n ,  other a c t i v i t i e s .  
Figurelg s e t s  out t he  marginal dis t r ibut ions  of t he  t o t a l  mounts 
of M and D t r ave l  for  t h e  t r ave l l e r s  recorded i n  tables15 to18,  
i . e .  members of groups chosen such tha t  there  i s  l i t t l e  var ia t ion i n  
personal t r ave l  times which can be correlated with any common background 
variables.  In  t h i s  respect,  the  dis t r ibut ions  derived from the  t ab l e  17  
and tab le18  figures a r e  from an even more 'homogeneous' group; not only 
have we excluded those over s ix ty ,  o r  under 17 and those not categorised 
a s  employed, (as i n  tables15 andlb),  but a lso a l l  interviews conducted 
on Fridays, a l l  'high' income individuals and those i n  our c lass i f ica t ion  
of 'professional'  employment. Males and females a r e  t r ea t ed  separately.  
The broad patterns are  s imilar  for  both group def ini t ions .  
For both male and female t r ave l l e r s ,  there  was a f a r  higher 
-.  . 
percentage of reported D t r a v e l  times i n  t he  range 0-20 minutes than of 
M t r ave l  times i n  t he  same range. This was compensated by a s l igh t  
reduction i n  proportions of t r ave l l e r s  i n  a l l  the  higher travel-time bands. 
The d is t r ibu t ion  of male t r a v e l  times showed some differences from 
female; for  M t r ave l ,  a higher overal l  average r e su l t s  from a general 
sh i f t ing  of t he  d i s t r ibu t ion  towards t he  higher time bands. The D t r a v e l  
dis t r ibut ion,  although not noticeably tending towards higher time bands, 
does point towards male t r a v e l l e r s  having l e s s  frequent 'very-short- 
duration' t r i p s .  
Given these broad overal l  pat terns ,  t he  t e s t s  we have conducted 
indicate t ha t  there  i s  no evidence t h a t  individual t o t a l  dai ly  t r a v e l  

i s  arranged such t h a t  t he  'committed1 time outlay on t r a v e l  associated 
with mandatory a c t i v i t i e s  a f fec t s  t he  time spent on t r a v e l  for  
discretionary a c t i v i t i e s .  The reported pat tern of M times and D times 
amongst those reporting both s o r t s  of ac t iv i ty  i s  consistent with a 
hypothesis t h a t  D times a r e  chosen a t  random from the  marginal dis t r ibut ions  
independently of t he  committed M time. Nor i s  there  evidence of 
a suff ic ient  t rend i n  reducing frequency of reporting out-of-home 
discretionary a c t i v i t i e s  t o  r e su l t  i n  any systematic reduction i n  mean 
D t r ave l  with increasing M t r ave l  per  t rave l le r .  ( i . e .  When we a l so  
include those reporting no D t r ave l . )  
CO?TCLUSIONS. 
I n  t h i s  chapter, we have looked for  a l i n k  between time spent 
t rave l l ing  connected with mandatory a c t i v i t i e s  and time spent t rave l l ing  
connected with discretionary a c t i v i t i e s ,  considering only groups of individuals 
with 's imilar1 charac te r i s t ics  (as  f a r  as average t r ave l  schedules a r e  
concerned), and we have found no evidence of any interdependence. 
The hypothesis was advanced that network changes which a f f ec t  speeds 
w i l l  r e su l t  i n  more o r  l e s s  t r ave l  as a r e su l t  of the  'pre-change'travel 
time budgets being preserved subsequent t o  the  network change. To t e s t  
t h i s  hypothesis d i r ec t ly  would require data spanning a period of which such 
network changes had taken place; these are  not currently available.  
Instead, we have t r i e d  t o  t e s t  t he  theory indirect ly ,  by breaking down 
individual t r ave l  times in to  time allocated t o  t r ave l  connected with 'mandatory' 
a c t i v i t i e s  (defined t o  be those a c t i v i t i e s  whose frequency and locat ion are 
f ixed i n  the  short term,) and 'discretionary' a c t i v i t i e s ,  being a l l  the  r e s t .  
We have t r i e d  t o  s t r a t i f y  the  sample from the  1974 C.S.T.R.D.B. i n t o  groups 
of individuals with broadly s imilar  average amounts of t r ave l  time, both f o r  
M and D purposes. Within such groups, we have looked f o r  a re la t ionship 
between 'M t r ave l '  time and 'D t r ave l '  time, and found them t o  be apparently 
independent. 
We have then reasoned t h a t ,  i f  time be a l located t o  t r ave l  on 
discretionary a c t i v i t i e s  independently t o  time committed t o  M ac t iv i t e s ,  
then individuals cannot be considered t o  be ' t a rge t t ing '  towards any 
preselected t r ave l  time 'budget1. Were we t o  speed-up journeys t o  work, 
for  example, there  would be no corresponding increase i n  time spent 
t rave l l ing  f o r  discretionary Gct iv i t i es ,  a t  l e a s t  on the  evidence of t he  
data we have examined so f a r .  
Our conclusions must be qual i f ied a s  being ind i rec t .  We have also 
examined only one data s e t ,  a lbe i t  a large one. The f a c t  t h a t  the  survey 
recorded only a s ingle  day's t r ave l  i s  another reason t o  look f o r  fur ther  
confirmation. However, our r e su l t s ,  and the analyses t h a t  l e d  up t o  them, 
seem plausible and in reasonable accord with in tu i t ion .  
Evidence from many countfies t e s t i f i e s  t o  a s t r ik ing  regular i ty  
i n  the  average amounts of time being spent on overal l  t rave l .  In  t h i s  
paper we have t r i e d  t o  decide whether or  not t he  t r a v e l  pat terns  reported 
i n  a large U.K. survey a r e  consistent with the hypothesis t h a t  individual 
t r ave l l e r s  t r y  (within the constraints of broad schedules of a c t i v i t i e s ,  
possibly corresponding t o  household ro les ,  income and occupational s t a tu s )  
t o  achieve ' t a rge ts '  of t r ave l  time expenditure. We have formally t e s t e d  
a counter hypothesis, t h a t  t r a v e l  connected with a c t i v i t i e s  which a re ,  
i n  the  short  term, var iable  i n  location and frequency, i s  undertaken 
independently of t he  t r a v e l  reported by the  individual a s  being associated 
with a c t i v i t i e s  which a re ,  once again i n  the  short term, f ixed i n  both 
location and frequency. We could not re jec t  t h i s  hypothesis. 
The implication of t h i s  conclusion i s  t ha t  t he  observations of 
s t a b i l i t y  i n  overal l  average t r a v e l  times a r e  probably not due t o  the  existence 
of personal t r ave l  budgets, i n  t he  sense of t a rge t s .  
CHAPTER 4. 
PATTERNS OF HOUSEHOLD MANDATORY AND DISCRETIONARY TRAVEL 
This Chapter describes an analysis of t r ave l  expenditures similar t o  
t h a t  reported f o r  individuals,  but aggregated t o  t he  l eve l  of t h e  household. 
In  addition t o  t he  examination of overal l  t o t a l  household t r ave l  times, an 
attempt i s  also been made t o  analyse household cash outlay on t r ave l  (ignoring 
vehicle standing cos t s )  and also household 'generalised expenditure' on 
t r ave l ,  by factoring t r a v e l  times by a s ingle  crude average 'value of time' 
and combining t h i s  with cash outlay. 
For each t r i p  reported, an estimate of the  cash outlay has been made 
on the basis  of approximate costs per uni t  time by mechanised modes and 
the in-vehicle times reported. Table 20 s e t s  out t he  costs  per minute 
t ha t  were used for  each mode; these were based on estimates given by 
Tanner (1979). 
Table20. COSTS PER MINUTE BY MODE : 1974 I N  1970 PRICES 
Car/van dr iver  
Car/van passenger 
Note 1 : Tanner (1979) Table 11 gives 6.2 pence per person per day, i n  
1970 pr ices ,  as  t he  average outlay on pr ivate  vehicle t rave l .  
Table 10 gives an approximate time outlay of 23 minutes per 
person per day. Taking an average vehicle occupancy of 1 .5  
gives an average cost  per minute per vehicle of approximately 
(6.2 x 1.51123 = 0.404 pence. This has been al located t o  
t he  driver i n  the  absence of any other information. 
Note 2 : TabLe 11 gives 3.5 pence per person per day as  t he  average outlay 
on public t ransport ,  once again i n  1970 pr ices;  t h i s  corresponds 
t o  a time outlay of approximately 8 minutes per person per day, 
giving an approximate cost per minute of 3.518 = 0.438 pence. 
Clearly, these f igures  a r e  only crude estimates. Within t h e  'other '  
category a re  t he  modes ' t ax i '  and 'motor cycle dr iver ' ,  both of which w i l l  
have an associated cost  outlay. However, the  majority of t he  modes included 
under t h i s  heading (and almost cer ta in ly  the main par t  of t he  time spent) 
w i l l  be cost-free, by our def ini t ions .  The remaining modes (see TN 18)  
a r e  Other Passenger, Works Bus, Pedal Cycle, Walk, School Bus, Others. 
Further, the  convention of a l locat ing a l l  costs  t o  the  dr iver  w i l l  not 
be too unreasonable, given tha t  we then amalgamate t r ave l  t o  a household 
leve l ,  a t  l e a s t  fo r  passengers from the dr iver ' s  household. Thus the  
cost estimates t h a t  we produce, whilst  undeniably crude, should be adequate 
for  a broad-brush analysis such a s  i s  reported here. 
Diff icu l t ies  with t he  convention adopted t o  discriminate between 
costs  incurred f o r  M-travel and costs incurred f o r  D-travel are  a lso 
worth mentioning a t  t h i s  stage. For example, i n  t he  th ree  l eg  tour  
i l l u s t r a t e d  by f igure  1, if the  HD and DM legs  were performed by bus, 
but t he  MH l eg  as  a car  passenger, a l l  costs would be a l located t o  
D-travel. By implication, we would then have assumed t h a t  a l i f t  by 
pr ivate  car would have been available for  a d i rec t  HM l eg ,  which i s  
c lear ly  not sensible. Thus, even when the  overall  t r a v e l  costs  a r e  
reasonably approximated, it may be more d i f f i c u l t  t o  impute sensible 
Idiversion costs1 than 'diversion t imes1; i n  the  same s e t  of 
circumstances our estimate of 'diversion time' would a l so  be wrong, 
but only by the difference i n  journey time as  between t h e  unavailable 
mode and t h a t  mode which would have been used. However, t h i s  so r t  of 
problem only a r i s e s  for  mixed-mode , complex ( i e  . multi-leg , mult i-purpose 1 
tours;  consequently t he  prac t ica l  implications for  our analysis w i l l  
almost cer ta in ly  be negligible.  
Given the output of the  progrm, being t o t a l  t r ave l  times, M-travel 
times and costs ,  D-travel times and costs f o r  each t r ave l l e r  i n  t he  data 
bank, together with personal and household charac te r i s t ics  and indicator  
variables t o  EZenote those individuals whose t r ave l  pat terns  could not be 
analysed by the s e t  of rules  adopted a program was wri t ten t o  simply 
amalgamate records of individuals within households. The output f i l e  
contents and format are  given i n  Table 21. 
This f i l e  contains records for  those households with a t  l e a s t  one 
household member reporting t r ave l  on the  survey day. 
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Table 21. CONTENTS OF HOUSEBOLD FILE 
FOR EACH HOUSEHOLD - 
Zero, unless one tour has more than 4 legs  
Travel time - mandatory - 
Travel time - discretionary 
Travel cost  - mandatory 
Travel cost  - mandatory, a l te rna t ive  def ini t ion 
Travel cost  - discretionary 
Age of head of household 
No. of driving l icences i n  h/hld 
Job of head of household 
~ndustry/profession of h, of h/hld. 
(1CC(I), 1=9,27) household variables 
Footnotes : 
1. For a def ini t ion of I C C C . )  see Ap~endix 1. 'Type 2.1' denotes an 
individual with a commitment t o  an out-of-home ac t iv i ty ;  these were 
taken as  everyone excegt those i n  t he  'o therr  occn. category of VSB, 
but includes students. 
2. I n  i t s  or ig ina l  version, t he  f i l e  a lso contains some dummy ent r ies  
corresponding t o  non-travellers; these records a l l  have zero values 
of t he  variable ICH, and hence can be skipped for  t he  analysis.  
3. The 'a l ternat ive def ini t ions '  of t r ave l  cost o r ig ina l ly  contained 
estimates including provision for  vehicle standing costs.  These were 
eventually dropped from the  analysis.  
The course of t h e  andyses  carr ied out on t h i s  data s e t  followed 
tha t  described i n  Chapter 2 for  overal l  t r ave l  time, and Chapter 3 for  
!.!-travel and D-travel; however, t o  avoid d i s tor t ion  of t he  overall  
models, households reporting more than 100 minutes t r ave l  per member 
-. 
over 5 years were ignored. (Analyses of t he  t o t a l  data s e t  arereported 
l a t e r . )  A number of background variables were selected for  
investigation,  and a s e t  of zero-one dummy variables defined i n  such 
a way a s  t o  permit investigation of the degree t o  which average t r ave l  
expenditure varied a s  between individuals characterised by different  
values of the  background variables.  (Travel expenditure being defined 
variously as  time, cost  and generalised cost outlays on M-travel and 
D-travel respectively.)  As with the ea r l i e r  analyses, a number of 
interact ion e f f ec t s  were a lso defined, corresponding t o  f i r s t  and 
second order interact ions  between subgroups of 'favourable' and 
'unfavourable' background variables.  The range of durmny variables t ha t  
were so defined i s  given i n  Table 22. 
Also a s  i n  t he  previous analyses, t he  SPSS package was used t o  
perform a stepwise regression of the  t r ave l  expenditure variables on 
the s e t  of dummy variables,  plus the  variable I N  entered as a 'continuous' 
variable. 
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Table 22. DUMMY VARIABLES FOR REGRESSION ANALYSIS 
) household car ownership 
Infant(s) less than 5 years old in household 
Footnotes: 
Exact definitions of the categories, following Tn 26,are: 
D5 = 1 IFF Jl = 1,2,3,4 or 12 
~6 = 1 IFF Jl = 13,14,18,19 or 21 
D7 = 1 IFF ICC(I~) = 1,2,3,4 or 91 
D8 = 1 IFF ICC(I~) = 8,9,10 or 92 
D9 = 1 IFF 1cc(16) = 11,12,13,14,15 or 93 
Dl0 = 1 IFF ICC(20) = 2 
Dl1 = 1 IFF 1CC(20) = 3 
D12= 1 IFF ICC(20) = 4 
Dl3 = 1 IFF ICC(14) = 0 
~ 1 4  = 1 IFF ICC(~~) = 2 or more 
D21 = 1 IFF I C C ( ~ ~ )  = -1 and Icc(25) = 1 
D22 = 1 IFF ICC(~~) = 3 or 4 and 1Cc(25) = 3 or 4 
D23 = 1 IFF 1CC(13) = 1 or more 
The interaction variables are defined in a way analagous to that described 
in Chapt.er 2, using the chosen 'coding' 
PATTERNS I N  HOUSEHOLD TRAVEL TIME EXPENDITURE 
Since the dependent variable i n  our analysis is  household t r ave l  
expenditures, it i s  clear  t h a t  there  may be a d i rec t  dependence on the  
number of household members. To overcome t h i s  d i f f i cu l ty ,  i n  t he  i n i t i a l  
analysis of a l l  t he  aspects of t r ave l  expenditure we sha l l  t r e a t  a s  
separate populations households with different  numbers of members 
potent ia l ly  reporting t r i p s  - being those over f i v e  years of age. 
Separate analyses a r e  thus performed on households with one, two, three,  
four, f ive  and s i x  members over f i ve  years of age. 
~ a b l e s 2 3 a n d 2 4  summarise t he  r e su l t s  of performing the  stepwise 
regression analysis on the s e t  of independent variables described 
above, for  overal l  times spent as  M-travel and D-travel. The regression 
was designed t o  add i n  explanatory variables up t o  the  point when the  
next most powerful explanatory variable had a coeff ic ient  which could 
not be s t a t i s t i c a l l y  distinguished from zero, given the approximate 
standard errors  (calculated on the  basis of a simple l i nea r  model with 
expectation of independent e r ror  s t ructure  with constant variances).  
The l imita t ions  of t h i s  approach were discussed inChaptw2Jn b r i e f ,  
we have argued f o r  t he  use of the  approach a s  a t o o l  t o  iden t i fy  t he  
most important e f fec t s  (and t o  exclude those f o r  which there  is  l i t t l e  
evidence of any systematic influence) i n  t he  s p i r i t  of an exploratory 
analysis,  accepting t h a t  the accuracy of some coeff ic ients  may be 
overstated or  understated t o  some extent. 
Perhaps the f i r s t  observation t o  he made about the  f i t t e d  models 
i s  t h a t ,  as  was the  case with individual t r ave l  times, a higher proportion 
of t he  var ia t ion of t h e  mandatory times can be explained ( i n  terms of 
var ia t ion i n  background e f f ec t s )  than of discretionary times; the  
2 R values a r e  a l l  considerably higher for the  models of M-travel. 
Table25 s e t s  out the  mean and standard error  of the  M-times and D-times 
together with the standard e r ror  of estimate subsequent t o  model f i t t i n g .  
Table 23 TIME SPENT TRAVELLING PER HOUSEHOLD (by persons over 5 years in household) 
MANDATORY TRAVEL 
Med/high income 
Non-working head 
Rural small town 
Prof. E 2+ cars 
Prof. E High inc. 
Prof. E Good P.T. 
High Inc. E Good P.T. 
Non worker E Bad P.T. 
Table 24: TIME SPENT TRAVELLING PER HOUSEHOLD (by persons over 5 years old1 
DISCRETIONARY TRAVEL 
No. 'occupied ' ( ZP-I ) 
Med/high income 
Low income @ no cars  
No cars  @ bad p . t .  
~ a b l e 2 5 :  TRAVEL TIMES 
(1)  S.D. re fe rs  t o  t he  standard deviation of the  population of times 
(2) S,E.E. r e f e r s  t o  the  res idual  e r ror  a f t e r  f i t t i n g  the  model. 
Comparing t h e  models f i t t e d  t o  the different  household categories 
across tab les23  and2b, there  a r e  very few ef fec t s  which show up 
systematically i n  a l l  categories. For M-travel, there  is  a c lear  and 
pers is tent  influence of t he  number of individuals i n  the  household who 
a re  categorised a s  belonging t o  occupational categories which have been 
associated with a commitment t o  mandatory t r ave l  (IN, the  'no. occupied' 
var iablel .  Further there  i s  an in te res t ing  'high income' effect  : high 
income households report  more M-travel than average, but t he  extent of 
t he  increased t r ave l  increases with household s i z e  even a f t e r  allowing 
f o r  'no. occupied'. (.It i s  possible t ha t  t h i s  t e s t i f i e s  t o  an access ib i l i ty  
factor  i n  t he  sense t h a t  'high income' households may tend t o  make 
location choices which produce, on average, longer M-travel outlays f o r  
a l l  committed journeys (work or  education)). There i s  l i t t l e  i n  t he  way 
of consistent e f fec t s  t o  be found i n  t he  models of D-travel: 'no. occupied' 
has the  i n tu i t i ve ly  sensible e f fec t  of reducing D-travel per household 
as  more household members are  committed t o  M-activities, but t h i s  i s  only 
apparent i n  t he  one, two and three person households. 
The t w o  tables  can be com~ared with Table 1 4 ,  i n  which 
variations i n  M-travel and D-travel by individual t r a v e l l e r s  were modelled. 
Grouping individuals i n to  households should have the effect  of reinforcing 
the  influence of those charac te r i s t ics  of the  individual which a r e  shared 
by members of the  same household - location and car-ownership a r e  the  
most obvious household based measures, although a l l  household members w i l l  
a lso have interview 'day-of-week' i n  common. Further, although income 
was defined a s  'income per persont f o r  t he  individual models and as  
' t o t a l  household income1 f o r  t he  household models, since we are  t r ea t ing  
different household s izes  separately we should f ind  t h a t  t he  income effect  
i n  the  household models are  consistent with those in t he  individual models. 
Broadly speaking, we see from Tables23and24that 
a t he  income ef fec t s  a r e  a s  expected, with increased income coinciding 
w i t h  extra  M-t ravel  ; 
(b )  t he  Clack o f )  car  ownership effect  i s  as  expected; 
( c l  such day-of-the-week e f f ec t s  a s  there  a r e  point t o  increased 
D-travel on Thursdays and Fridays, a s  expected. However, these 
e f f ec t s  a r e  only observed i n  t he  models f o r  four and s i x  person 
households, 
(dl there  i s  some indication t h a t  'rural small town' locat ion coincides 
with reduced M-travel a s  compared with t he  base group, 'urban' 
and ' ru ra l t  i n  this case. This i s  i n  accord with expectation from 
the  individual models. However, 'suburhant M-travel appears t o  
be lower than base group M-travel i f  only i n  the  two person households; 
t h i s  is  contrary t o  t he  expectation of s l i gh t ly  higher than average 
M-travel from the  individual models. There were no detectable 
locat ion e f fec t s  i n  the  individual models of D-travel. I n  t he  
corresponding household models of D-travel, both 'suburban' and 
' ru ra l '  locations show-up a s  coinciding w i t h  reduced time spent 
i n  D-travel, a lbe i t  each only i n  a single household group. 
In  summary, t he  process of combining individuals t o  household and 
reject ing households i n  which a t  l e a s t  one member's t r a v e l  was unanalysable, 
o r  t o t a l  t r ave l  was above a threshold, and then subdividing the  sampled 
households by number of household member over f i ve  years of age, appears 
t o  have masked some of the  effects  t ha t  we would have expected from the  
individual models. In  par t icu la r ,  t he  day-of-the-week e f fec t  i s  l e s s  marked than 
might have been expected, and there  are  some ( s l i gh t ly )  contradictory 
trends i n  t h e  influence of looation. However, t he  e f f ec t  of income 
i s  consistent and well-defined, and car-ownership a l so  continues t o  
prove unrelated t o  t r a v e l  expenditure i n  te rns  of time spent. Note 
t h a t  Table 1 4  r e f e r s  t o  t r ave l l e r s ,  whereas t he  grouping i n  
TablesE and I.+ of t h i s  <i<i?Lr have been by household s i z e  regardless 
of the  presence of non-travellers. Some discrepancies can therefore be 
expected. As with t he  models f o r  individual t r ave l  time expenditures, 
household time expenditures on Both M-travel and D-travel a r e  marked 
bg considerable var iab i l i ty .  Once again in accord with expectation 
on the  basis  of t h e  individual models, l i t t l e  of t he  va r i ab i l i t y  i n  
D-travel can be accounted f o r  i n  terms of var ia t ion i n  t he  selected 
Background variables;  on t h e  other hand, a number of systematic 
influence on household M-travel can be detected, i n  par t icu la r  household 
composition and income. 
A number of yar iables  were introduced in to  the household analyses 
as  possible 'explanatory variables '  mhch had no d i rec t  cbuntkrpart i n  
the  individual models. These were 
[a) occupational s t a tu s  of t h e  head of household, 
presence of a t  l e a s t  one infant  ( less  than f ive  years o ld )  
(c) qual i ty  of public t ransport  provision (both bus and r a i l ) .  
However, none of these appeared i n  more than one model, so t h a t  no 
systematic e f fec t s  could be claimed t o  have emerged. The ' infant '  
var iable  was included i n  tke  l i g h t  of t he  TSU worR on the  importance 
of stage i n  family l i f e  cycle on household a c t i v i t i e s  i n  general; no 
corroboration of the  importance of t he  presence of an infant  i n  t he  
household on t r ave l  time ws found, i n  this data se t .  
Finally,  figure20display.s the  mean M-travel times and the  mean 
D-travel times i n  each household s i ze  group. 
-. 

PATTERNS I N  HOUSEHOLD TRAVEL CURRENT COSTS 
The analysis of current costs followed t h a t  of t r ave l  time 
expenditure, using t h e  costs per minute as  defined i n  t h e  Introduction. 
In  the  year of t he  survey, it happened t h a t  there  was l i t t l e  difference 
between the average running costs per minute f o r  pr ivate  vehicles and the 
average fare  per minute on public transport .  Consequently t he  analysis 
of costs reported here can be interpreted a s  an analysis of in-vehicle 
times, with the caveat t h a t  
( a )  car  passenger times a r e  not included 
(b )  motor cycle, t a x i ,  works and school bus times a r e  a lso excluded and 
(c )  public t ransport  times a r e  s l i gh t ly  higher weighted than pr ivate  
vehicle times. 
The r e su l t s  of the  analyses are  presented i n  Tables26 and27. It 
may be seen t h a t  a l l  of t he  general remarks made about t he  models for  
time expenditure a l so  hold for  our estimates of cash expenditure, both 
f o r  M-travel and for  D ~ t r a v e l .  The major effects ,  of income and household 
composition i n  terms of t he  number of members with a committed ou3sof-rhome 
ac t iv i ty ,  a r e  broadly as  i n  t h e  previous analysis; increased t r ave l  time 
coincides with increased cash outlay. Similarly fo r  day-of-the-week 
variation; t he  pa t te rn  of increase through the  week from Monday t o  
Friday pe r s i s t s  i n  cash outlay, a lbe i t  patchily evident i n  t he  models 
for  t he  different household s ize  groups; once again, it is discretionary 
t r ave l  t h a t  is  affected.  The location e f fec t s  a r e  a l so  broadly 
consistent with thecorlesponding effecks on t r ave l  times, although once 
again no consistent trends emerge across t he  different  household s i ze  
groups. 
The most oBvious difference between the cost models and the  time 
models i s  t h a t  car-ownership emerges as  an important categorising 
variable for  cash costs ,  whereas no r e a l  effects  could be iden t i f ied  
on household t r a v e l  t h e  expenditure. There i s  a reasonable amount 
of agreement across t he  models t h a t  non-car-owning households spend l e s s  
on current t r ave l  cash outlay than car-owning households f o r  M-travel; 
the  same ef fec t  appears, i f  only for  one person households, f o r  D-travel. 

Table 27: RUNNING COSTS INCURRED PER HOUSEHOLD (by persons over 5 years old) 
DISCRETIONARY TRAVEL 
6 persons 
+32 
+16 
11 
.27 
17 
58 
2 persons 
- 3 
+ 3 
+ 2 
+ 3 
- 3 
10 
.05 
8 
1086 
Variables 
No. occupied 
High income 
NO cars 
2+ cars 
Infant in h/hold 
Tuesday 
Wednesday 
Thursday 
Friday 
Bad P.T. 
Rural 
Suburban 
Prof. 5 2+ cars 
High income 5 2+ cars 
High income 5 Good P.T. 
Low income 5 No cars 
Constant 
R~ 
Mean 
NO. of cases 
- 
5 persons 
+14 
+11 
7 
.13 
12 
188 
3 persons 
+ 5 
+ 4 
+ 4 
- 3 
7 
.06 
9 
503 
1 person 
- 4 
- 6 
- 2 
- 8 
12 
.12 
5 
382 
4 persons 
+ 5 
-11 
- 3 
+ 5 
12 
.05 
12 
451 
It i s  interest ing t h a t  t he  calculated reduction i n  cost of M-travel i s  
about 6p, regardless of household s ize .  Ignoring the  complications of 
l i f t -g iv ing  and multiple vehicle ownership, we would in te rpre t  t h i s  as 
showing t h a t  it is  only the potent ia l  car-driver's mandatory t r ave l  t h a t  
i s  affected,  and hence tha t  t he  effect  of car  ownership on household 
t r ave l  may be v i r tua l ly  independent of household s ize .  Of course, t h i s  
w i l l  not be absolutely t r u e ,  but there  i s  a t  l e a s t  some ver i f ica t ion  
t h a t  car  ownership a f fec t s  only car  drivers '  t r ave l  pat terns  t o  any 
consistent and marked effect  i n  t he  fact  t h a t  car ownership did not 
prove a s ignif icant  categorising variable i n  the  analyses of individual 
t r ave l ,  whereas car  ava i l ab i l i t y  did. Certainly, the  extra  
expenditure of money by multiple car owning households does seem t o  increase 
with household s ize .  However, t h i s  may be because the  number of vehicles 
owned w i l l  a lso  tend t o  increase with household s ize ,  and thus so w i l l  t he  
average number of drivers per household. 
In  conclusion, f o r  household money expenditure on t r a v e l ,  we have 
ident i f ied not only t h e  systematic influence of income and household 
composition on 14-travel ( a s  f o r  t r ave l  t imes) ,  but also an influence of 
car-ownership s t a tu s  on both M-travel and D-travel. Location, public 
transport  access and day-of-the-week e f fec t s  a r e  once again patchy but 
reasonably i n  accord w i t h  expectation on the basis of time outlays. 
Table2.8 s e t s  out t he  means and standard errors  of the  household 
cash expenditures i n  t he  various household s i ze  groups, together with the 
standard errors  of prediction t o  correspond t o  the  f i t t e d  models. 
The mean outlays on M-travel and D-travel a r e  p lo t ted  against 
household s i ze  i n  f igure  21. 
Table28 TRAVEL COSTS 
C 1 )  S.D. re fe rs  t o  t h e  standard deviation of the  population of times 
C2) S.E.E. re fe rs  t o  t h e  res idual  e r ror  a f t e r  f i t t i n g  t h e  model. 

APPROXIMATE GENERALISED COST VARIATIONS 
The analyses reported i n  t h i s  section are  purely descriptive;  a 
subsequent section w i l l  use the  same data t o  examine the  relationships 
between expenditures on M-travel and D-travel f o r  evidence about t he  
way i n  which t r ave l  decisions are  made, ra ther  than merely describing 
the  average outcome of such decisions. As with t h e  analysis of 
individual t r ave l  pat terns  reported on ea r l i e r ,  t he  cen t ra l  issue w i l l  be 
whether or  not compensating variations take place between td-travel and 
D-travel i n  such a way as  t o  suggest a po ten t ia l ly  useable tendency 
t o  r e s t r i c t  overal l  t r a v e l ,  e i t he r  t o  achieve some preselected ta rge t  
(on average) o r  t o  respect some upper bound of maximum feasible  outlay 
on t rave l .  It has been suggested (~anne r ,  1979) t h a t  such behaviour, 
i n  the  face of changing speeds and t r ave l  costs,  would be highly 
i r r a t i ona l  if directed t o  e i t he r  of time and money outlays separately,  
but could a t  l e a s t  conceivably, apply t o  'generalised cos t '  expenditure, 
i n  which the  two d i s t i hc t  components of t r ave l  expenditure, time and 
money, a r e  weighted by r e l a t i v e  values and summed. Accordingly, we 
performed t h e  same (descriptive) analyses t ha t  were conducted on time 
and cash outlays, on a calculated approximate 'generalised cost '  outlay; 
for  t h i s  purpose, a s ing le  average approximate 'value of time' has been 
used t o  weight time outlays for  each individual i n  t he  household, and 
t h e  resul t ing 'cost of t imer summed t o  household l eve l  and added t o  
household cash outlay on t r ave l .  The use of a s ingle  value of time for  
a l l  t r ave l  begs some important questions; f o r  example, there  is  good 
reason t o  suspect t h a t  a u n i t  of time saving w i l l  be d i f f e r en t i a l l y  
valued 
Car by individuals with different  age, working s ta tus ,  economic s t a tu s ,  and 
Cbl i n  dif ferent  circumstances, such as when different  uses may be made 
of t he  saved time, o r  when constraints d i c t a t e  t r ave l  choices. 
Ignoring a l l  of these complications for  the  moment, a crude 'averager 
value of time per minute, for  1974 i n  1970 pr ices ,  can be calculated as 
(average wage per week, 2 1 x (price index, 7Q re l a t i ve  t o  74 1 x FACTOR 74 
Caverage minutes worked per week) 
using the  conventional asser t ion tha t  value-of-time i s  proportional t o  
wage ra te .  Taking the  average wage as £40 per week (corresponding t o  
an average household income of around £50 from f ig .  10,  t he  hours worked 
per week a t  40, t h e  pr ice  index of 70 re la t ive  t o  74 as 
0'953 
= 0.752(see Appendix 1 WP 119)  and taking the value of FACTOR m 
a s  0.335 we produce a value of time per minute as  
40 x 0 . 7 5 2 ~  0.33 - 
= £0.004 ' i . e .  approx. ;p per minute, i n  1970 prices.  
40 x 60 
This value has been used t o  give approximate generalised cost  expenditures 
per household, regardless of socio-economic composition. Note t h a t  our 
dependent variable,  t r ave l  outlay, omits t r ave l  i n  the  course of work, 
by def ini t ion;  ( fo r  a detai led description of t he  CSTRDB coverage, see I.T.S. 
TIT.18. ) 
Tables 29 and 30 display the r e su l t s  of the  stepwise regression on 
the  calculated 'generalised cos t '  outlays per household. Unsurprisingly, 
since both time and cash outlays demonstrated broadly the same pat terns ,  
t h e  weighted sum of t h e  two also show the same trends.  For M-travel, 
t he  most marked and regular effects  a r e  of household composition, i n  t he  
sense of t he  IN variable ,  t he  number of household members with committed 
out-of-home a c t i v i t i e s ,  and the  inoome variable. For D-travel, t he  I N  
variable has some ef fec t  for  one, two and three person households ( the 
more household members w i t h  committed M-activities, t he  l e s s  household 
D-travel reported) but none f o r  l a rge r  households. There is indication 
t h a t  car  ownership l eve l  affects  both I$-travel and D-travel; both increase 
with increasing car  ownership l eve l ,  although as before the evidence i s  
patchy. Rural, r u ra l  small town and suburban locations each show reduced 
t r ave l  expenditures i n  r e l a t i on  t o  t he  grouping of t he  others w i t h  urban 
location.  Day-of-the-week variables indicate increased D-travel a t  the  
end of t he  week. Where public transport  provision enters  as a ' s ignif icant '  
var iable ,  'bad' service  coincides wi'th reduced general expenditure, 
'good' service with higher; however, once again the  evidence i s  patchy. 
* i n  l i n e  with conventional expectation. 
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Table 29: GENERALISED COSTS PER HOUSEHOLD (by persons over 5 years o ld)  
MANDATORY TRAVEL 
( Variables 
No occupied 
Med/high income 
~ i g h  income 
No cars  
Non working head 
Prof. head 
Infant i n  h/hold 
Rural small t o m  
Rural 
1 Good P.T. 
Bad P.T. 
Thursday 
1 Non worker PI no cars  
Prof. Pi high income 
Prof. Pi 2+ cars  
Prof. !X good P.T. 
I Constant 
Mean 
No. of cases 
T a b l e  30: GENEMLISED COSTS PER HOUSEHOLD ( b y  persons over 5 years o l d )  
DISCRETIONARY TRAVEL 
Overall the  explanatory power of t he  models i s  poor, as for  a l l  
2 
the  previous models. R values a r e  intermediate between those for  cost and 
those f o r  t?me - ly ing nearer t o  those for  t he  time models, as  one would 
expect given t h a t  t he  contribution of t he  time outlay t o  t he  generalised 
cost expression tends t o  be two o r  three times higher than t h a t  of t he  
cash outlay. 
In  b r i e f ,  no nev ins igh ts  i n to  patterns of t r ave l  expenditure have 
been gained from the  study of t h e  'generalised expenditure'. Table 31 
s e t s  out the  means and standard errors  associated with the various models; 
figure22 p lo t s  means against household s ize .  It can be seen t h a t  t he  
overal l  pat terns  a r e  v i r t u a l l y  iden t ica l  t o  those displayed by time and 
cost outlays separately.  
Table 3 ~ :  GENERALISED TRAVEL COSTS 
Cll S.D. re fe rs  t o  t h e  standard deviation of the  popultion of times 
C21 S.E.E. re fe rs  t o  t he  res idual  error  a f t e r  f i t t i n g  the  model. 

CONCLUSIONS 
The general pat terns  shown i n  a l l  three  measures of household t t ave l  
expenditure t h a t  have been considered i n  t h i s  chapter have been broadly 
similar.  There i s  a wide va r i ab i l i t y  as  between d i f fe ren t  households 
i n  the  amounts of time, money outlay and 'generalised expenditure' (as  
we have defined 8hove) a l located t o  t rave l ,  whether i n  connection with 
mandatory a c t i v i t i e s  o r  discretionary a c t i v i t i e s .  L i t t l e  of t h i s  
v a r i a b i l i t y  can be accounted for  by corresponding var ia t ions  i n  the  
background variables t h a t  have been examined. However, r e l a t i ve ly  more 
of t he  va r i ab i l i t y  i n  mandatory t r ave l  can so be 'explained'. The 
number of household members with a committed out-of-home ac t iv i ty  ( I N )  
and household income both emerge as  consistently important variables 
i n  t he  household regressions. For the  money and generalised cost 
outlays, car-ownership leve ls  may also a f fec t  mean t r a v e l  reported. 
For discretionary t r ave l ,  only car ownership l eve l  shows any systematic 
effect  across dif ferent  househ~ld  s i ze  groups, and t h a t  for  the  money 
and generalised cost outlays. 
Referring back t o  figure 20,the household s i z e  axis  has a l so  been 
label led by mean value of t he  I N  variable i n  each s i ze  group. 
Ignoring the  mean household income and car  ownership l eve l  for  t he  
moment, it can be seen tha t  t he  within-size-group rela t ionships ,  whereby 
M-travel i s  given by approximately 35 times the  I N  variable and 
D-travel is unaffected by background variables,  i s  consistent with an 
explanation of between-size-grouc variations i n  which M-travel i s  
re la ted  t o  I N  and D-travel simply t o  household size.  It can eas i ly  
be ver i f ied  tha t  a reasonable fit t o  between group var ia t ion i n  household 
t r ave l  times would be given by the models 
mean ?-travel time = 40 x I N  . . . ( 3 )  
mean D-travel time = 1 5  x 1 5  x H'hld Size . . ( 4 )  
and t h a t  such models would also be f a i r l y  consistent with within group 
var iab i l i ty .  Similarly, f o r  t he  generalised cost re la t ionships  shown 
i n  figure 22 t he  models 
mean Id-travel gen.cost = 27 x I N  . . ( 5 )  
mean D-travel gen.cost = 10 x 10 x ~ ' h l d  Size ( 6 )  
would be broadly consistent with both within and between household s i ze  
-. 
group variations.  
Accordingly, we can combine a l l  t he  household t r ave l  expenditure 
data and look for  explanation of var ia t ion i n  amounts of t r a v e l  reported 
i n  terms of 
( a )  I N ,  number of members with a committed out-of-home a c t i v i t y  
( for  a l l  If-travel) 
(b )  household s i ze  ( fo r  a l l  D-travel);  together with 
( c )  household income multiplied by I N  ( f o r  a l l  Id-travel) 
(d )  car ownershiw leve l  multiplied by I N  ( fo r  cost and gen. cost 
fit-travel) 
( e )  car ownership l eve l  multiplied by household s i ze  ( f o r  cost and 
gen. cost D-travel) 
( f )  day-of-the-week dummy multiplied by household s ize  ( for  a l l  
D-travel) .  
The r e su l t s  of f i t t i n g  such models are  s e t  out i n  Table 31. The 
2 R values are  f a i r l y  typ ica l  of each of the  models within household s i ze  
categories. The e f fec t s  which were noted from the  separate regressions 
have a l l  entered the  combined models; i . e .  t h e i r  coeff ic ients  a r e  
s t a t i s t i c a l l y  s ignif icant  ( a l b e i t  i n  re la t ion  t o  approximate standard 
e r rors ) .  In  addit ion,  the  day-of-the-week e f fec t  which was evident 
only patchily i n  t he  individual s ize  category models i s  now quite c lear  
i n  the  combined data s e t .  I n  t he  way i n  which the  day-of-the-week 
dummies have been defined, the  coefficients given i n  Table 31 for  
'Tues' t o  'Fr i '  r e fe r  t o  expenditures per person interviewed. As i n  the  
individual models of Chapters 2 and 3,there i s  a c lear  increase i n  t r ave l  
expenditure through the l a s t  par t  of t he  week; the  reduction i n  t r ave l  on 
the Tuesday is  a l so  consistent with the individual models. (This, of 
coursa, i s  haraysurpr i s ing ,  since the effects  must necessari ly compound 
on aggregation t o  household leve l .  However, it i s  welcome corroboration 
of t he  consistency of the  procedures, given the  lack of any c lear  pic ture  
i n  t he  separate s i z e  group models. ) 
One in te res t ing  feature of t he  f i t t e d  models i s  t h a t  car  ownership 
leve l  appears t o  have the  same ef fec t  on ?&travel as  on D-travel, 
Table -31 MODELS OF HOUSEHOLD TRAVEL EXPENDITURE: HOUSEHOLDS WITH LESS 
THAN 100 MINUTES TRAVEL PER MEMBER. 
Notes: X denotes not f i t t e d  
- denotes f i t t e d ,  but non-significant so not entered 
I N  - no. of household members with committed out-of-home a c t i v i t i e s  
WINC - household income, Ef0'000 X I N  
NCAR - cars  available (including guests) X persons interviewed. 
NPRES - persons interviewed : a l l  over 5 years,  household members 
plus guests 
TUES-FXID - dummy entry of NPRES on each day - hence effects  a r e  
person based, not household. 
The general pat terns  of expenditure on 14-travel a r e  t ha t  t he  most 
important factor  i s  t h e  number of members w i t h  committed out-of-home 
ac t iv i t i e s .  There i s  r e l a t i ve ly  much smaller addit ional component 
which increases with income leve l  for  each such member, and f o r  costs 
and generalised costs,  an even smaller component which increases with 
car  ownership l eve l  f o r  each household member. Each expenditure has 
a small(posit ive) addi t ive  constant; t h i s  may well a r i s e  from the  
definit ion of M-travel as  including 'escor t t  t r i p s  - such a s  mothers 
accompanying children t o  school. Thus there  is a component of average 
household M-travel which i s  performed by household member who a re  not 
categorised i n  t h e  I N  variable.  However, it is a r e l a t i ve ly  small , 
component of overal l  F4- t r ave l .  
For D-travel, t he  pat terns  a r e  of a major component for  each 
person interviewed, plus a substant ia l  constant term f o r  each household, 
and marked by f luctuat ion over t he  week, increasing t o  a maximum on 
Fridays. High car  ownership leve ls  coincide with high expenditures 
of money and generalised cost on D-travel, but do not a f fec t  t r a v e l  
times. A simple (although not necessari ly correct!) in terpreta t ion 
of t he  main e f fec t s  a r e  t ha t  an amount of D-travel i s  being undertaken 
regardless of household s ize ,  possibly on household maintenance 
a c t i v i t i e s  such a s  shopping, and thereaf te r  there  i s  a component of 
t r ave l  expenditure fo r  each household member, possibly corresponding 
t o  l e i su re  and recreation a c t i v i t i e s .  The var ia t ion over t h e  days of 
t he  week should then correspond mainly t o  the  l e i s u r e  and recreation 
t r ave l  (being f i t t e d  f o r  each household member), a s  should the  car  
ownership var ia t ion (for  the  same reason). 
Pursuing t h i s  s implis t ic  interpreta t ion of t he  models, it is  
in terest ing t o  note t he  r e l a t i ve  magnitudes of the  time and cost 
components of D-travel expenditure; on an 'averaget weekday, t he  time 
outlay on l e i su re  by each household member is  f a i r l y  similar t o  t he  
time outlay on household maintenance, each being around 17 minutes. 
The cost outlay per person, however, appears t o  be ra ther  l e s s  than 
half  t ha t  of the  maintenance t r ave l ,  f o r  which an average cost per 
minute of 4/17 = 0.23 p indicates  an approximate 50% use of mechanised 
modes. Table 32 s e t s  out the  mean levels  of the  various t r ave l  expenditures 
i n  the  data, and it can be seen tha t  the  average cost per minute for  
M-travel is  16/75 = .21 p, and tha t  of D-travel i s  9/56 = .16 p. This 
suggests t h a t  both household maintenance and mandatory t r a v e l  are  both 
characterised by about 50% use of mechanised modes (by t ime) ,  but t h a t  
l e i su re  t r ave l  has a corresponding leve l  around 25%, increasing sharply 
with increasing car ownership. -Given t h a t  the  chosen population includes 
a l l  children over 5 years of age, these approximate f igures  seem a t  
l e a s t  plausible. 
Table 32 MEAN LEVELS OF HOUSEHOLD TRAVEL EXPENDITLRE 
M-cost (pence 1970) 
D-cost (pence 1970) 
M-gencost (pence 1970) 
D-gencost (pence 1970) 
Table 33 MODELS OF HOUSEHOLD TRAVEL EXPENDITURES : ALL ANALYSABLE HOUSEHOLDS 
Mean leve ls  
Notes : a s  for  Table31 . 
-. 
However, these figures a r e  descriptive of circumstances i n  1974 
i n  the  UK, and a re  thus ref lect ing the  par t icu la r  l eve ls  of car ownership, 
decisions about car  ava i l ab i l i t y ,  patterns of land use, and t a s t e s ,  of 
those circumstances. Further analyses of data s e t s  f o r  d i f fe ren t  years 
w i l l  be needed t o  gain deeper ins ights  in to  t he  causes and effects  behind 
the observed var ia t ions  i n  t r ave l  expenditures. 
It was s t a t ed  a t  t he  outset  t ha t  the  data s e t  was r e s t r i c t ed  t o  
those households which s a t i s f i e d  two requirements, namely having a l l  
members o r  guests with 'analysablet t r ave l  pat terns ,  and also reporting 
a t o t a l  t r ave l  time l e s s  than 100 times the t o t a l  number of persons present. 
This was done t o  remove the influence of individuals i n  t he  extreme 
t a i l s  of t he  observed t r ave l  expenditure dis t r ibut ions  - C h a ~ t e r  3 displays 
these t a i l s  for  t r ave l  time expenditures, on Figurel8. It i s  of i n t e r e s t  
t o  enquire what t he  effect  of such a decision has been on the f i t t e d  
models. Table 33 s e t s  out t he  models corresponding t o  those of Table 31, 
but f i t t e d  t o  a data s e t  i n  which the requirement f o r  t o t a l  time t o  be 
within t he  chosen l imi t s  was removed. It may be seen, i n  comparison 
with Table 13, t h a t  no major changes occur when the la rger  data s e t  
i s  used (3116 households a r e  within t he  second def ini t ion,  as  compared 
t o  2698 within t he  s t r i c t e r  f i r s t  def ini t ion.)  However, the  models a r e  
generally poorer, a s  judged by the  indications of t he  R~ s t a t i s t i c s .  
We can now compare the factors  affect ing household t r a v e l  as  given 
by our models with the categorisation in to  'stage i n  family l i f e  cycle' 
devised by the TSU a t  Oxford. The presence of an infant under 5 years 
of age i n  t he  household was considered f o r  i t s  e f fec t  on t r ave l  expenditure 
patterns;  no s ignif icant  influence was uncovered. On the other hand, 
the  major factors  t h a t  were established were household s i ze  and number 
of members with a committed out-of-home mandatory ac t iv i ty .  Both of 
these factors would vary as between typical  households i n  t he  different  
stages of a ' l i f e  cyc l e t .  By way of example, Table 34 s e t s  out the  model 
predictions for  mean t r ave l  time expenditures f o r  f ive  's tages '  i n  l i f e  
cycle. 
Table 34. TRAVEL TIME AND STAGE I N  FAMILY LIFE CYCLE 
- 
Family group I N  WINC NPRES &time D-time 
----- 
A Single person, 
working 
B Married couple, bot 
working 
C Married couple, one / 3 1 2  1 h2 I D 3  small chi ld ,  1 wkg. 1 
E Married couple, 
both r e t i r e d  / o / o ~  l 4  I h 3  
D Married couple, 2 
school children,  
1 working 
Notes: WINC i s  a t  a s ingle  average income 
Weekday e f fec t s  as  on Monday. 
The advent of t he  child,  by reason of the  resu l t ing  cessation of 
one household member's work ac t iv i ty ,  i s  forecast  t o  have a dramatic 1 
effect  on overal l  household t r ave l  time.  o ow ever, our models, crude 
as  they a re ,  would predict  a similar effect  should one member merely 
decide t o  give up work.) The point t o  be made i s  t h a t  's tage i n  family 
l i f e  cycle' does indeed correspond t o  systematic var ia t ions  i n  I N  and 
NPRES, t h e  two most important explanatory variables i n  our models, and 
we would correspondingly predict  very different t o t a l  t r a v e l  expenditures 
(and breakdowns as  between mandatory and discretionary t r a v e l )  for  
jus t  those reasons. We have looked for  an effect  of having a small chi ld  
i n  t he  household over and above the  effects of I N  and NPRES, but found 
none, at l e a s t  i n  t h i s  data s e t .  (of course, t h i s  i s  not t o  argue tha t  the  
3 
concept of 'stage i n  family l i f e  cycle' is redundant i n  any general  sense, 
given household s i ze  and occupational s t a t u s ) .  
Finally,  note t h a t  t he  more detai led models of D-time given i n  Table 
24 would d i f fe ren t ia te  between the  two-traveller households B, C and E, 
giving expected D-times of 35, 51  and 67 minutes respectively. 
9 4 119 69 
CHAPTER 5. 
RELATIONSHIPS BETWEEN 'MANDATORY' TRAVEL AND 'DISCRETIONARY' TRAVEL AT 
THE HOUSEHOLD LEVEL 
INTRODUCTION 
The l a s t  chapter has s e t  out t he  models thathave been developed t o  
summarise the  pat terns  of var ia t ion i n  mandatory and discretionary 
household t r a v e l  expenditures, i n  terms of time, money cost and generalised 
cost (using an approximate figure f o r  t he  value-of-time). The factors  
- 
t ha t  erere found t o  correspond t o  s ignif icant  variations i n  expenditures were: 
a )  t he  number of household members with a committed out-of-home 
ac t iv i ty  ( 'act ive '  members). 
b l  household income; 
c )  the  number of cars  available;  
dl the  number of persons interviewedci.e. those present over 
5 years o l d ) ,  and 
e )  day of t h e  week. 
In  various interact ions ,  factors  a and b were linked with household M-time, 
factors  a ,  b and c with N-cost and M-generalised cost ,  and factors  c ,  d 
and e with all D-expenditures. The most important factors  were a ,  b and d ,  
i n  terms of s i z e  of corresponding variations i n  t r ave l  expenditures. 
T h i s  Chapter develops the  analyses fur ther ,  along the  l i n e s  of t h a t  
performed on individual t r ave l  expenditures i n  Chapter 3 t o  invest igate  the  
nature of t he  re la t ionship between M-travel and D-travel expenditures a t  
the  leve l  of the  household. Chapter 3 demonstrated tha t  individual D-travel 
times appeared t o  be e f fec t ive ly  independent of reported M-travel times, 
a f t e r  controll ing f o r  t he  most important background variables.  I 
There are  two major reasons why grouping individuals i n to  households 
might produce a dif ferent  conclusion; both reasons concern the poss ib i l i t y  
of correlation between t r a v e l  patterns of members of t he  same household. 
F i r s t l y ,  t asks  and respons ib i l i t i es  may be shared amongst household members 
i n  such a way t h a t  one member takes over t he  ac t iv i ty  and the  re la ted  t r ave l  
of another member, thus introducing a negative correlation.  Secondly, a l l  
household members have i n  common the  geographical location of t he  household 
as  i n i t i a l  or igin  and ultimate destination; t h i s  may produce a posi t ive  
correlation i n  t r ave l  expenditures, i n  t ha t  access may be good o r  bad t o  
all relevant destinations.  Both of these e f fec t s .wi l1  be present i n  the  
data t o  an extent; i n  t h i s  note we s e t  out t o  determine whether or  not 
there  i s  evidence t h a t  t he  net  product of such effects r e su l t s  i n  e i t he r  
'compensating' o r  ' reinforcing'  variations a t  t he  l eve l  of t he  household. 
A s  discussed i n  Chapter 4, another reason for  considering t h e  household 
a s  the  basic t r ave l  un i t  i s  t ha t  it i s  then possible t o  avoid the  worst 
problems associated with a l locat ing costs for  car-passenger t r i p s .  
In  view of t he  scarc i ty  of households with f ive  o r  more members over 
f ive  years old,  and the  need t o  dist inguish between very young and very 
o ld  single-person households, analysis i s  r e s t r i c t ed  t o  two, th ree  and 
four person households. The effect  of number of persons with committed 
out-of-home a c t i v i t y  i s  controlled by selecting those households with a 
single member without such an ac t iv i ty ;  t h i s  being the  most common 
circumstance. Final ly ,  the  most extreme effects  of income differences 
were avoided by omitting the  highest income group (Table 22 def in i t ion) .  
.WDATORY AND DISCRETIONARY EXPENDITURFS FOR SELECTED iii)L'SCHOLDS 
Tables 35 t o  43 se t  out t he  n u ~ b e r  of households f a l l i ng  in to  
different  categories of M and D t r ave l  expenditure, f o r  two, th ree  and 
four person households o f t h e  type described above. The figures have 
been converted back t o  a13jroxinate average D-expenditures ger "-category 
using approximate mid-category >-values, and the  r e su l t s  are  CisplayeZ i n  
Fieures 23 t o  25. 
As was the  case f o r  individual t r ave l  expenditures, there  appears t o  be 
v i r tua l  independence of t h e  two categories of t rave l .  Discretionary t r ave l  
expenditures, of time, cost  and generalised cost ,  are  almost constant 
regardless of mandatory t r ave l  time outlay. 
As for  t he  ind iv idud  t r a v e l  analyses, t h i s  t rend is i n  apparent 1 
contradit ion t o  t he  simple hypothesis t h a t  households have ' t a rge t '  
expenditures of overal l  t r ave l  time, cost o r  generalised cost .  
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ALmRNATIVE GROUPINGS 
Chapter 4 advanced some simple models to describe variations in travel 
expenditures at the household level. In particula;r, for travel time, the 
two equations 
M-time = 10.0 + 32.0 IN + 3.0 WINC (7) 
D-time = 40.0 + 2.0 NCAR + 10.4 I.JPRI3S - 4.0 TES + 7.0 EKCD (8) 
were given for 'all analysablel houaeholds. (Where I N  denotes the number 
of 'active1 members, WINC denotes I N  x household income (~OOO), NPRFS 
denotes no. of persons interviewed, NCAR denotes 'cars available1 x NPRFS, 
and TOES and FRU) are dummies suchthatNPRFS is entered again only if the 
interview was conducted on a !Cuesday or a Friday respeotively.) A variety 
of different gxouphga of the data were explored in order to ex& the 
consistency of these simple models; in particular, the households were 
grouped into 
a) those with more than 84 minutes M-travel, and those with less 
(84 minutes being the overall average), 
b) those with abwe-expectation M-travel times, on the basis of the 
simple models, and those with less, and 
c) sero, one and two-or-more car-owning households. 
Table 44sets out the resulting mean travel times and the expected 
travel times, given the models and the mean levels of the explanatory 
variables in the populations defined by the groupings. 
TABLF: 44 : Alternative Group-s 
!Pwo points may be made immediately from inspection of table45 firstly, 
average discretionary times remain fairly constant over wide ranges of 
different mandatory times, and secondly, the simple models work fairly well 
for all the D-times, and also for the M-times of grouping D. (~rou~inga B 
and C were made conditional on unusualhtimes, so that the model could not 
be expected to hold for M-travel there.) 
CHAPTER 6 
CONCLUSIONS FROM THE ANALYSES 
We have analysed t r ave l  patterns in to  two ' sor t s '  of t r ave l  with 
the aim of assessing the  evidence for  the  existence of ' t a rge t '  budgets 
of t r ave l  expenditures, and we have chosen our groups of 'mandatory' 
and 'discretionaryt a c t i v i t i e s  with t he  intention of identifying 
variations i n  t h e  former with 'cause' and variations i n  t he  l a t t e r  with 
' e f fec t '  ( a t  l e a s t  i n  terms of short term decisions).  No such ' e f fec t '  
was found i n  t he  1974 County Surveyors' Trip Rate Data Bank. 
We have then ten ta t ive ly  advanced a hypothesis t h a t  at l e a s t  two 
different ' sor t s '  of t r ave l  expenditure should be considered, since the 
factors t ha t  affect  t he  two seem t o  be d i s t i nc t .  "Mandatory' t r ave l ,  
defined a s  t r ave l  in connection with ' f i na l '  a c t i v i t i e s  t h a t  we have 
deemed fixed, i n  t he  short term, i n  both location and frequency of 
par t ic ipat ion,  appears dependent of income leve ls  and household s t ructure  
(the number of ' ac t ive t  members), from our cross-sectional analyses. 
'Discretionary' t r ave l ,  t he  residual,  we have found t o  wry with car- 
ownership, household s i ze  and day-of-the-week. From the  cross-section, 
however, it appears t h a t  random fluctuations f a r  outweigh any such 
systematic differences. Our future course of work must involve analyses 
of both time se r i e s  and repeated cross-sectional s tudies ,  t o  es tabl ish the  
va l id i ty  of these insights .  
Finally,  a c ruc ia l  feature  of most 'budget' based models is t he  
confrontation of a forecast  'budget' with an estimate of network speeds; 
it is from the  assumption of ' t ravel  maximising' behaviour given these two 
tha t  forecasts of t r a v e l  derive. Our ten ta t ive  suggestions are  t h a t  a )  
it may not be appropriate t o  consider t r ave l  as  a unified a c t i v i t y  a t  a l l  
(thus tending back t o  t he  purpose-specific approach of conventional models), 
and b )  t h a t  forecasts of t r a v e l  budgets contain implicit  assumptions about 
network speeds. Using such budgets as  constraints i n  conjunction with 
independent, presumably different ,  estimates of network speeds may lead t o  
d i f f i cu l t i e s .  An equi l ibrat ing device, such as  i n  t he  UMOT model, i s  
needed; however t h e  mechanism may have t o  address aspects of non-travel 
expenditure, a t  l e a s t  fo r  long term forecasts.  (See Zahavi, 1979). 
Having made these points,  c r i t i c i s i n g  models f o r  being l e s s  than 
"perfect" does not take us very f a r .  We have concluded tha t  there  i s  
evidence t h a t  it may be necessary t o  make separate estimates of t r ave l  
budgets f o r  different individuals, different households for  
dif ferent  so r t s  of t r i p ,  and demonstratedthis using our def ini t ions  of 
'mandatory' and 'discretionary'  t rave l .  In  Table 33 we have outl ined 
crude models r e l a t i ng  cross-sectional var ia t ions  i n  household expenditure 
of time, money and generalised cost t o  household charac te r i s t ics .  
We can now consider whether o r  not the  h i s to r i c  trends i n  national 
average t r ave l  times and costs  per person, as  estimated by Tanner (19791, 
are  broadly consistent with t he  cross-sectional models, taken together 
with h i s to r i c  trends i n  a c t i v i t y  ra tes ,  household s izes  and age s t ructures ,  
incomes and car-ownership levels .  
Table 45 s e t s  out t he  relevant variables f o r  a number of years 
between 1951 and 1978. Figure 26 plo ts  the  corresponding model 
"predictions" f o r  t r a v e l  costs  and times per person over t he  25-year 
period; note t h a t  t h e  absolute leve ls  of the  two se r i e s  a r e  not t o  be 
compared, for  one reason because the model re fe rs  only t o  weekday t rave l .  
-. 1961 1967 1971 1977 . 1974- 
Hhld. Income $/i:eek 28.2 ' 38.5 81.4 52.3 
--- - -- 
P72 .450 .608 -727 .934 2.124 1.267 
.472 .638 .763 .950 2.229 1.323 
1 . 4  1.6  1.9 2.0 1.9 2.0 
Index (74=10O) 70 80 95 100 95 100 
-- 
I N  ""* . 1 1.99 2.16 2.01 1.88 1.82 1.84 
Footnotes 
Sources : 
Mean household income : National Income + Expenditure survey, 
64-74, 65-75, 67-77, 1980. d i s t r ibu t ion  
of household incomes before and a f t e r  tax.  
Mean household s i z e  : Social trends, 1973, 1980, C.S.O. 
General household survey 1976. 
Cars per household : Transport s t a t i s t i c s  G.B, 1967-77. 
+ From tab les  i n  LR 650 
* From analysis bf CSTRDB 1974- 
X Implied by factoring CSTRDB resu l t s  f o r  1974 by appropriate index. 
** From the  models 
D-time = 40.0 + 10.4 NPRES + 2.0 NCAR 
++ estimated from Wages & Prices Index, Table 151, Monthly Digest (c.s.o. ) 
Calculated : 
June 1947 = 100 June 1956 = 100 av. 1961 = 100 
av. 1951 
Jan. 1956 
av. 1961 
(using obvious l ink ing) .  
Thereafter : av. income 1951 = 0.62 x av. income 1961. 
m see Appendix i n  WP119, I.T.S. Leeds. 
rn calculated from the  above by l inking. 
*** Approximately, using % popn. < 5 years ( '=. 8 thus NPRES h 0.92 x H'hld s i ze )  
% popn. 5 - 1 8  ( *=- 20 thus IN '=.(%~+20) x H'hld s i ze )  
100 
and %W = percentage of popn. i n  employment i s  approximately : 
Sources : Social Trends & Annual Abstract of 
Stat is t ics-see below. 
$ of Population less than 5 years of age, and between 5 and 18. 
Sources 
for  1951, 1961, 1971, 1977, 0-4 yrs .  and 0-19 y r s  : Social Trends 10, 1980 
Edition, C.S.O. Table 3.1 'Childrens and young people by age group' GB, p.93. 
for  1963, 1965, 1967, 1969, 0-4 yrs  and 5-19 yrs ,  summed from t ab l e  i n  : 
Annual Abstract of Sta t i s t i c s ,  108, 1971, t ab l e  9 'Age d is t r ibu t ion  of the  
defacto o r  home population, m i d  year estimates, p.10. 
for  1974, 0-4 yrs .  and 5-19 y r s ,  summed f romtable  i n  : Annual Abstract 
of S t a t i s t i c s ,  1975, 'Age Distribution of Home Populationt t ab l e  11, p.15. 
f o r  t o t a l  populations : Annual Abstract of S t a t i s t i c s ,  ' D e  facto or home 
populations, mid year estimates',  1971, 1981. 
Persons i n  employment 
1951 1961 1963 1965 1967 1969 1971 1973 1974 1975 1977 
Total 
working 
population 20.7 25.77 25.16 25.46 25.39 24.79 24.55 24.97 25.07 25.20 25.71 
%popu la t ion42 .3  50.1 48.3 48.1 47.5 45.9 45.4 45.9 46.1 46.3 47.3 
Sources 
Annual Abstract of S t a t i s t i c s ,  1965, 1967, 1971, 1975. 1977. 1980 
'Distribution of t o t a l  working populations', GB. 
-. 
Over the  period a c t i v i t y  r a t e s  have r i s en  and then declined, mainly 
as a resu l t  of increasing proportions of t he  r e t i r e d  o f f se t t i ng  greater  
female par t ic ipat ion i n  the  workforce; these trends have been counter- 
balanced t o  some extent by the e f fec t s  of increased wealth and car- 
ownership. In  t h e  context of s teadi ly  reducing household s izes ,  t h i s  
implies an increasing t rend oP t r ave l  per person. Whilst t he  models are  
obviously crude ( f o r  example the effects  associated with incomes and car- 
ownership must a lso r e f l ec t  complicated changes i n  land-use), t he  general 
s imi la r i ty  i n  t he  overal l  trends i s  encouraging. Figure 27 i l l u s t r a t e s  the  
model estimates of t he  component 'mandatory' t r a v e l  times per 
household member, and 'discretionary'  t r ave l  times per household member, 
over the  same period, roughly 112 of the overall  growth is a t t r ibu ted  t o  
increased t r ave l  i n  connection with discretionary a c t i v i t i e s .  
A t  a highly aggregate leve l ,  then, average t r ave l  expenditures have 
remained f a i r l y  s t ab l e  over a twenty f ive year period; there  i s  a lso 
l i t t l e  evidence of var ia t ion between residents of d i f fe ren t  types of 
area. Such information could be useful i n  t he  estimation and prediction 
of general s p a t i a l  in teract ion models, such as a conventional combined 
mode sp l i t j d i s t r i bu t ion  models. 
APPENDIX 1. 
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DATA FILES 
Table 1A: CONTENTS AND FORMATS OF EXTRACT FILES 
( XT(i), i = 1,34 
( XP(i), i = 1,ll 
- 
(variables defined below) ( XH(i), i = 1,14 (XHH(~), i = 1,12 
FORMAT (lX, 312, 214, 13, 2512, 314/1X, 12, 511, 212, 211, 214, 16, 211, 
912, 14, 1011, 12, 14) 
No. of stages 
Duration of trip 
Wait time between stages 
Land use at destination 
Group purpose/mode 
Unique mode/purpose combination 
Survey number 
Houshold code 
Present/absent 
Driving licence 
Industry/profession 
Household code 
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Table 1A ( c o n t ' d )  
f 
Local va r i ab le  
name 
-- 
X N l )  
x > I ( ~ )  
XIi(3) 
X H ( & )  
X H ( 5 )  
x ~ i 0 )  
X I I ( 7 )  
XH(8) 
XH(9) 
XH(LO) 
Xii(l1) 
~ l i ( 1 2 )  
XH(l3) 
r-- I 
- normally present  
Cars/vans a v a i l a b l e  - t o  household 
- t o  o the r s  
M/c a v a i l a b l e  - t o  household 
- t o  o the r s  
Income 
' Card type  1 (household) 
-- 
- 
Survey number 
Grid reference  
Date 
Day of week 
Com;.,let ion code 
People i n  household over 5 - Present  
- Absent 
Other people i n  household over 5 
- present; 
Number o f  persons under 5 
i 
( I Y 7 ' 1  number 01' persons i n  household ( 
only(  nun~bcr of t r i p  s t ages  
Format i 
1 $ 
A8 
3 6 
11 
I1 
I 2  
I. 2 
I 
1 Card t.ype 
I , X H ( ~ I I )  I Household code 
Couilty naiie 
Survey n m e  
Res jden t i a l  type  
Housing dens i ty  
Housing age 
S i t u a t i o n  
Distance t o  nea res t  town cen t r e  
1)isLnncc .to neigbbourliood shopping 
Distance t o  rai lway s t a t i o n  
h b l i c  t r a n s p o r t  - bus 
-, .. 
- t r a i n  
Communicat;ion p a t t e r n  
Year of  survey 
Cii.rd. t ype  0 
~ I : ~ V W V  ,,i,,,:t~~~~. 
jl<;!:!;.,!L ,'I (: ,cc>.::. 
Table (cont  '8) 
Contents of H G C O L ~ ~ P  (MULT):  ( I R ( ~ ) ,  i = 1,74 
( x x r ( i ) ,  i = 35,71 
where I R ( 1 )  = 
IR(2) = 
IR(j.1 = 
I R ( i )  = 
I R ( i )  = 
xXT(i+34) 
XXT( i+45 ) 
XXT( i+59 
Contents of H G R E D ~ ~ P ~ ( I U L T )  : ( TT 
( IV(i) i = 1,25 
where TT = t o t a l  t r i p  time + w a i t  -time f o r  a l l  t r i p s  
and 1 V (  ) a r e  a s  shown below: 
v 
Local var iable  
name 
- Present /absent 
Driving l i cence  
- Industry/profession 
- 
- Household code 
Format 
- 
I LI 
A 8  
16 
I1 
I1 
I 2  
1.2 
1 2  
1 2  
I 2  
I 2 
I 2  
I 2  
I 2  
33x ' 
I 
12 [37X 
1 2  1 
I 
11 
Table l i \ (cont td)  
1,ocal va r i ab le  I-- name 
IV(23) 
- 
- 
~ ( 6 )  
1V(7) 
IV(8) 
IV(9)  
Iv(10) 
1~(11) 
1v(12) 
1 ~ ( 2 5 )  
- 
- 
Iv (13 )  
Card tlipe I (household) 
Survey number 
Grid reference  
Dzte 
Day of week 
Cmple t ion  code 
people i.n household over 5 - presenb 
- Absent 
other people i n  household over 5 - Present  
Nurnber of persons under 5 
- normally pres'?".t 
Carsjvans a v a i l a b l e  - t o  household 
- t o  o the r s  
M/c avu. i lable - t o  household 
- t o  o t h e r s  
Income 
( 
( 1977 ivmlber of persons i n  h0usehol.d ( 
only (nun~ber of  t r i p  s t ages  
Card type  p -- Household code 
Card tyDe 8 ( a r e a )  
14  
- 
- 
IV( l4)  
'a 
County name 
Survey name -pp A29 
I i e s iden t i a l  type  I1 
Housing dens i ty  1 11 
Housing age 1.1 
s i t u a t i o n  1 11 
Distance t o  nea res t  town c e n t r e  
Distance t o  neighbourhood shopping 
Distance t o  rai lway q t a t i o n  
public  t r a n s p o r t  - bus 
- t r a i n  
Communication p a t t e r n  
Year of survey  . 
Card type  8 
11. 
I1 
I1 
I1 
I1 
11. 
I 2  
I1 
Survey number I ! I 4  
1ious.:-hold code 1 4  
-.--.-.. ".-- . .- _____----- 
